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The  assumption  that  the  human  corpus  luteum  elaborates  progestin  rests 
almost  entirely  upon  indirect  evidence  since  it  is  based  on  experimental  work 
on  laboratory  animals.  Clauberg  and  his  co-workers  (1)  inferred  from  incon¬ 
clusive  histological  data  on  the  uterus  of  a  rabbit  which  received  the  extract 
from  55  gm.  of  human  material  that  progestin  is  present  and  that  the  extract 
from  70  gm.  of  such  tissue  might  cause  a  true  progestational  reaction. 

The  amount  of  progestational  hormone  in  the  corpora  lutea  and  ovaries  of 
different  species  seems  to  vary  greatly  from  relatively  large  amounts  in  hog 
and  beef  ovaries  to  meager  concentrations  in  sheep  ovaries  and  the  human 
corpus  luteum.  Furthermore,  the  progestin  requirements  during  pregnancy  as 
judged  by  the  continuation  of  pregnancy  after  ovariectomy  seems  to  vary 
widely.  Allen  and  Corner  (2)  have  shown  that  to  prevent  abortion,  the 
pregnant  castrate  rabbit  needs  1  Rb.U.  per  day.  In  the  human,  the  corpus 
luteum  or  the  whole  ovary  may  be  removed  very  early  in  pregnancy  without 
occurrence  of  abortion.  These  observations  do  not  prove,  however,  that  pro¬ 
gestin  is  dispensable  during  implantation  of  the  ovum  nor  indeed  at  any  time 
in  pregnancy,  since  other  tissues  may  form  the  hormone.  Human  placentas 
have  been  shown  to  contain  progestin. 

These  and  other  theoretical  considerations  have  prompted  us  to  reinvesti¬ 
gate  the  problem  of  progestin  content  of  human  corpora  lutea  and  to  determine 
its  concentration  there  in  a  quantitative  manner.  The  collection  of  human 
material  was  begun  in  1933.  Three  lots  of  material  have  been  collected,  ex¬ 
tracted  and  assayed. 

*  Read  before  the  Twentieth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Kansas  City,  Mo..  May  11,  1936. 
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The  negative  tests  for  progestin  in  the  first  lot  of  human  corpora  lutea 
were  reported  in  1934  (3).  Inasmuch  as  only  40  gm.  of  tissue  were  used,  the 
negative  results  of  that  test  are  now  known  to  be  due  to  inadequate  material. 
The  fact  that  a  positive  test  was  obtained  from  60  gm.  of  tissue  was  mentioned 
in  1935  (4).  Since  the  test  rabbit  which  received  60  gm.  died  shortly  after 
the  last  injection,  the  results  were  considered  inconclusive.  Report  of  details 
was  reserved  therefore,  until  a  more  satisfactory  assay  could  be  obtained.  The 
third  lot  obtained  during  1935  gave  a  strongly  positive  reaction  with  100  gm. 
of  tissue.  The  results  obtained  from  all  3  collections  are  combined  in  table  1. 

The  term  progestin  has  been  retained  here  because  no  attempt  was  made 
to  crystallize  the  extract.  Progesterone  implies  a  material  that  can  be  crystallized 
and  therefore  identified  chemically.  To  obtain  a  sufficient  number  of  human 
corpora  lutea  to  provide  crystals  for  study  seems  practically  prohibitive,  not 
only  because  of  the  low  concentration  of  hormone  but  also  because  of  difficulty 
in  collection  of  the  tissue  itself. 

MATERIAL 

Fresh  specimens  of  human  corpora  lutea  obtained  at  the  operating  table 
were  placed  immediately  in  95  per  cent  alcohol  in  a  glass  stoppered  bottle. 
Care  was  taken  to  have  as  little  air  space  above  the  alcohol  as  possible.  The 
material  was  kept  at  room  temperature  throughout  the  period  of  collection. 
Tests  of  the  fluid  at  the  time  of  extraction  demonstrated  that  there  was  no 
development  of  alkalinity  which  would  cause  deterioration  of  the  hormone 
as  has  been  shown  to  be  possible  in  other  experiments. 

Division  of  the  material  into  age  groups  would  have  been  desirable  but  the 
scarcity  of  satisfactory  material  prevented  this.  The  majority  of  the  specimens 
were  taken  from  patients  more  than  30  years  of  age.  All  individuals  were, 
however,  in  the  active  reproductive  age  as  indicated  by  the  menstrual  cycles. 
A  few  specimens  from  early  pregnancy  were  also  included.  Besides  the  physi¬ 
ologic  activity  as  evidence  of  normalcy  of  the  corpora,  all  specimens  as  well 
as  the  ovaries  from  which  they  were  removed,  were  examined  grossly.  Micro¬ 
scopic  sections  were  not  made  in  order  to  preserve  as  much  tissue  as  possible 
for  the  test.  The  corpora  lutea  were  carefully  enucleated  from  the  ovaries 
thereby  excluding  extraneous  material. 

The  manner  of  preserving,  the  method  of  extraction  and  assay  of  the 
human  corpora  lutea  were  paralled  with  hog  corpora,  which  have  been  used 
generally  in  progestin  experiments.  Under  these  circumstances,  the  hog  corpora 
gave  the  average  yield  of  1  Rb.U.  to  1 5  gm.  of  tissue. 

EXTRACTION 

The  extraction  of  the  material  collected  in  1933  has  already  been  reported 
in  detail  (3).  This  lot  consisted  of  approximately  50  corpora  lutea,  the  cor¬ 
rected  fresh  weight  of  which  was  131  gm.;  the  lot  accumulated  during  1934 
consisted  of  58  corpora  lutea  possessing  a  corrected  fresh  weight  of  150  gm.; 
the  accumulation  of  1935  corresponded  to  47  corpora  equivalent  to  120  gm. 
of  fresh  tissue. 

Since  the  above  material  was  collected  and  preserved  in  alcohol,  the  actual 
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weights  did  not  represent  the  true  weight  of  fresh  tissue.  In  order  to  determine 
that,  fresh  hog  corpora  were  similarly  treated  with  95  per  cent  alcohol  and  the 
weights  determined  before  and  after  treatment.  The  results  thus  obtained  per¬ 
mitted  an  approximate  calculation  of  the  fresh  weight  of  the  human  tissue.  It 
sliDuld  be  explained  that  the  alcohol  solutions  in  which  the  glands  had  been 
preserved  were  evaporated  in  each  case  and  any  extractive  material  contained 
tlicrein  incorporated  with  the  subsequent  extracts  of  the  glands. 

The  actual  process  of  extraction  and  subsequent  purification  of  the  ex- 
tiMcts  were  carried  out  according  to  the  methods  of  Allen  (5)  and  of  Allen 
and  Meyer  (6),  the  estrogenic  hormone  being  removed  in  the  last  step.  The 


Table  1 


Rabbit  No. 

Weight 

E’quivalent  b'resh 
Corpus  Luteum 

Progestational 
Uterine  Response 

gm. 

gm. 

Neg. 

1 

1040 

10 

2 

980 

20 

Neg. 

.3 

1400 

40 

Neg. 

4 

1200 

60* 

-1-2 

5 

1170 

70 

+  l 

6 

980 

100 

-1-4 

*  This  rabbit  died  during  the  night  following  the  3rd  day  of  injection  of  hormone. 

A  part  of  the  first  lot  already  reported  is  excluded  from  this  table  because  theelin  was  not  removed  from 
thr  material  before  the  assay. 


final  oily  material  was  diluted  with  an  appropriate  quantity  of  peanut  oil,  so 
that  the  quantity  injected  daily  never  exceeded  0.25  cc. 

ASSAYS 

Assays  were  carried  out  according  to  the  McPhail  (7)  modification  of  the 
Clauberg  method  on  juvenile  1000-1200  gm.  rabbits.  The  hormone  was  ad¬ 
ministered  intramuscularly  in  oil  solution  once  daily  for  5  days  subsequent  to 
a  previous  administration  of  150  I.U.  of  theelin  over  a  period  of  6  days,  this 
being  given  intramuscularly  in  oil  every  other  day.  The  animals  were  killed 
on  the  day  following  the  last  progestin  injection.  Four  uterine  specimens  from 
different  regions  were  fixed  and  sectioned.  The  average  reaction  of  the  4  was 
recorded  according  to  the  McPhail  scale  upon  which  a  maximal  reaction  is 
designated  as  -|-4.  The  results  are  given  in  table  1  which  summarizes  the 
results  obtained  with  the  3  lots  of  corpora  lutea  referred  to  above. 

DISCUSSION 

For  the  study  reported  here,  300  gm.  of  fresh  human  corpora  lutea  were 
available.  Because  of  the  low  hormone  content  it  was  necessary  to  use  doses  of 
extract  equivalent  to  large  amounts  of  tissue  and  to  limit  the  number  of  ani¬ 
mals  used  to  6.  The  results  obtained,  however,  indicate  that  the  human  corpus 
luteum  contains  progestin  although  the  equivalent  of  60-100  gm.  of  fresh 
tissue  is  necessary  to  obtain  definite  progestational  responses  in  the  rabbit. 
This  is  in  contrast  to  the  uniformly  positive  results  with  the  hog  ovaries  from 
which  extracts  equivalent  to  15  gm.  of  fresh  corpora  lutea  will  cause  positive 
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progestational  reactions  in  the  juvenile  rabbit.  A  pair  of  mature  hog  ovaries 
contains  in  the  order  of  magnitude  20  to  30  times  as  much  progestin  as  the 
human  ovary.  According  to  these  determinations,  it  takes  nearly  40  hum.m 
corpora  lutea  to  yield  1  Rb.U.  of  progestin. 


Fig.  1-8.  Photomicrographs  of  rabbit  uterii,  showing  responses  to  extract  of  corpus  luteum.  and  contro!-. 
1.  Response  to  extract  corresponding  to  10  gm.  fresh,  human  corpus  luteum.  2,  Extract  corresponding 
18  gm.  fresh  corpus  luteum.  3,  Extract  corresponding  to  6.gm.  fresh,  human  corpus  luteum  (3-day  test  onl 
explanation  in  text).  4.  Extract  corresponding  to  70  gm.  fresh,  human  corpus  luteum.  5.  Extract  correspon  '• 
ing  to  100  gm.  fresh,  human  corpus  luteum.  6.  Nornnal  uterus  of  immature  rabbit.  7,  Control  rabbit  utci  ■ 
sensitized  by  7-day  theelin  treatment.  8,  Control  rabbit  uterus  showing  positive  response  to  an  extract  con 
sponding  to  13  gm.  of  hog  corpus  luteum. 


The  human  placenta  also  contains  progestin.  Ehrhardt  (8)  and  McGint\ 
(9)  have  demonstrated  7  Rb.U.  of  progestin  in  a  single  human  placenta  .it 
term.  Whether  this  hormone  is  elaborated  by  the  placenta  or  only  stored  ther. 
has  not  yet  been  determined.  The  relatively  low  yield  of  progestin  in  the  humai 
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ovary  may  be  compensated  during  pregnancy  by  the  activity  of  the  placenta. 
Furthermore,  it  is  a  possibility  that  the  placenta  may  compensate  for  the  loss 
of  corpus  luteum  or  the  whole  ovary  during  pregnancy. 

The  relatively  low  yield  of  progestin  from  human  material  should  not  be 
attributed  to  deterioration  on  account  of  the  length  of  time  taken  for  ac¬ 
cumulation  of  the  material  because  the  treatment  of  the  human  issue  was 
paralleled  by  hog  corpora  lutea.  It  is  probable,  however,  that  the  animal  ma¬ 
terial  came  from  a  comparatively  earlier  period  in  the  reproductive  life.  There 
is  no  evidence  available  to  indicate  whether  the  yield  of  progestin  varies  with 
the  age.  Perhaps  the  low  content  of  progestin  in  the  human  indicates  a  greater 
sensitivity  and  therefore  a  small  amount  of  the  hormone  is  relatively  more 
effective  in  this  species.  Perhaps  the  progestin  may  not  be  stored  long  in  the 
corpus  luteum  but  may  be  taken  into  the  circulation  as  soon  as  elaborated.  The 
amount  found  in  the  tissue  assay,  therefore,  may  not  be  a  good  indicator  of 
the  physiologic  activity  of  the  corpus  luteum.  The  negative  tests  for  progestin 
(10)  in  500  cc.  of  human  pregnancy  blood  failed  to  demonstrate  any  great 
concentration  of  progestin  in  the  circulation. 

There  is  a  species  variation  in  the  relative  need  of  the  presence  of  the 
corpus  luteum  for  nidation  of  the  ovum.  In  the  human,  the  need  is  relatively 
low  and  parallels  the  yield  of  progestin.  Indications  for  the  therapeutic  use  of 
progestin  for  the  treatment  of  abortion,  therefore,  are  theoretically  speculative. 

SUMMARY 

Human  corpora  lutea  removed  at  operation  and  preserved  while  fresh  in 
95  per  cent  alcohol  were  extracted  by  the  Allen  and  Meyer  method  for  pro¬ 
gestin  and  assayed  by  the  McPhail  modification  of  the  Clauberg  method. 
Positive  reactions  were  obtained  from  60-100  gm.  of  fresh  tissue  using  a  single 
test  rabbit  for  each  level  of  tissue  tested.  About  40  human  corpora  lutea  yielded 
1  Rb.U.  of  progestin. 
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THE  EFFECT  OF  ESTROGENIC  SUBSTANCES  UPON  THE 
PITUITARY,  ADRENALS  AND  OVARIES^ 


EUGENE  T.  ELLISON  AND  JOHN  C.  BURCH 
From  the  Department  of  Obstetrics  and  Gynecology,  Vanderbilt 
University  Medical  School, 

NASHVILLE,  TENNESSEE 

Although  there  is  abundant  experimental  evidence  that  the  estrogenic 
hormones  exert  an  influence  upon  the  pituitary,  the  nature  and  extent  of  this 
influence  is  not  entirely  clear.  The  working  hypothesis  that  gonadal  hormones 
suppress  the  pituitary,  making  available  to  the  organism  a  reduced  amount  of 
gonad-stimulating  secretion  was  advanced  by  Moore  and  Price  (1)  in  1930. 
They  felt  that  results  obtained  by  them  in  a  large  nvimber  of  careful  experi¬ 
ments,  as  well  as  certain  observations  of  other  investigators,  could  be  explained 
on  such  a  basis.  In  support  of  this  concept  is  the  work  of  Meyer,  Leonard, 
Hisaw  and  Martin,  who  reported  that  long-continued  injections  of  estrin  re¬ 
sulted  in  a  decreased  ovarian-stimulating  capacity  of  the  pituitary  of  the  adult 
rat  (2)  and  in  an  ovarian  depression  in  the  immature  animal  (3).  The  latter 
observation  was  confirmed  by  Spencer,  Gustavson  and  D’ Amour  (4)  and  by 
Doisy,  Curtis  and  Collier  (5).  Kunde,  D’ Amour,  Gustavson  and  Carlson  (6) 
found  a  reduction  in  the  size  of  pituitary  and  ovaries  following  prolonged 
estrin  injections  in  immature  dogs.  It  should  be  noted,  however,  that  these 
animals  showed  a  pronounced  hyperplasia  of  the  thyroid. 

Previous  to  the  publication  of  the  above  results,  an  effort  to  investigate  the  effect 
of  estrin  on  the  pituitary  had  been  made  in  this  laboratory  by  Burch  and  Cunning¬ 
ham  (7).  The  only  estrogenic  preparation  available  to  us  at  that  time  was  a  com¬ 
mercial  alcoholic  extract  of  human  placenta*  containing  a  high  percentage  of  estrin. 
Castrate  rats  injected  over  a  short  period  of  time  with  large  doses  of  this  extract 
showed  a  marked  increase  in  the  ovarian-sitmulating  capacity  of  the  anterior 
pituitary. 

When  other  workers  who  had  used  different  estrogenic  preparations  reported 
opposite  results,  it  became  apparent  that  further  work  was  in  order.  Accordingly, 
a  second  series  of  experiments  was  imdertaken  (8).  In  this  series,  the  estrin  was 
removed  from  an  alcoholic  extract  of  human  placenta;  the  ether  extract  and  the 
residuum  were  then  compared  with  respect  to  their  effects  upon  the  ovarian-stimu¬ 
lating  capacity  of  the  anterior  pituitaries  of  castrate  rats.  It  was  found  that  the  ether 
extract  produced  a  mild  depression  whereas  the  residuum  produced  a  marked  in¬ 
crease. 

In  1933  the  investigation  was  continued  in  this  laboratory  by  Leiby  (9,  10)  who 
investigated  the  effects  of  crystalline  theelin  and  theelol,  used  separately  and  in 


*  Read  before  the  Twentieth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Kansas  City,  Missouri,  May  11,  1936. 

*  The  extract  used  was  Estrogen,  a  product  of  Parke,  Davis  &  Co. 
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combination  with  the  anterior-pitnitary-like  substance  from  urine  of  pregnant 
women.  Striking  and  important  results  were  obtained,  especially  with  theelol.  Gis- 
trate  rats  were  injected  with  200  R.U.  of  theelin  or  theelol  daily  for  6  days. 
Those  receiving  theelin  showed  hypertrophy  of  the  pituitary  only,  while  those 
receiving  theelol  showed  a  definite  hypertrophy  of  pituitary,  thyroid  and  adrenals. 

When  a  daily  dosage  of  400  R.U.  of  theelol  was  used  (unpublished  data) ,  the 
results  were  even  more  marked.  The  enlarged  pituitaries  of  these  animals  showed 
a  normal  ovarian-stimulating  capacity.  From  these  results,  the  following  inferences 
might  be  drawn.  The  unchanged  ovarian-stimulating  capacity  indicated  simultaneous 
production  and  release  of  the  anterior  pituitary  gonadotropic  substances.  The  in¬ 
creased  weights  of  thyroid  and  adrenals  were  associated  with  pituitary  secretion. 
For  demonstrating  pituitary  function,  the  weights  of  pituitary,  adrenals  and  thyroid 
serve  as  more  adequate  criteria  than  does  the  ovarian-stimulating  capacity  of  the 
transplanted  gland. 

Subsequent  work  of  other  investigators  lends  possible  support  to  the  above 
inferences.  Hohlweg  (11)  and  Wolfe  (12)  have  reported  that  injection  of  com¬ 
paratively  large  amounts  of  Progynon-B  induced  marked  hypertrophy  of  the  pitui¬ 
taries  of  normal  rats.  The  ovaries  of  such  animals  were  found  to  contain  large 
corpora  lutea,  comparable  in  size  and  morphology  to  those  found  in  pregnant  rats. 
Subsequently,  Selye,  G)llip  and  Thomson  (13)  and  Nelson  (14)  obtained  hyper¬ 
trophy  of  pituitary,  ovaries  and  adrenals  in  intact  rats  follov/ing  treatment  with 
estrone.  They  further  demonstrated  that  the  reactions  do  not  take  place  in  hypophy- 
sectomized  animals.  Andersen  (15)  reported  that  after  castration,  there  is  atrophy 
of  the  pituitary,  adrenals  and  thyroid  in  rats.  Using  amniotin,  she  was  able  to  restore 
such  atrophied  glands  to  the  weights  characteristic  of  estrus  in  the  normal  animal. 
Richter  (16)  obtained  somewhat  similar  results  in  rats  with  pregnancy  urine  by 
mouth.  Cramer  and  Horning  (17)  reported  degenerative  changes  in  the  adrenals 
of  normal  and  castrate  female  mice  following  long  term  external  application  of  a 
folliculin  or  of  ketohydroxyestrin.  It  should  be  mentioned  that  Leonard,  Meyer  and 
Hisaw  (3)  had  reported  in  1931  that  there  was  an  insignificant  increase  in  the 
weights  of  pituitary,  thyroid  and  adrenals  in  immature  rats  injected  with  amniotin. 

Results  obtained  by  Lane  (18)  indicate  that  estrin  may  have  both  a  depressing 
and  a  stimulating  effect  on  the  pituitary.  This  investigator  found  that  ovaries  of 
immature  rats  injected  with  amniotin  showed  evidence  of  follicle  stimulation  in 
short  term  experiments  and  evidence  of  luteinization  'n  long  term  experiments.  The 
conclusion  was  drawn  that  estrin  stimulates  the  secretion  of  the  anterior  pituitary 
follicle-stimulating  factor  up  to  a  certain  point,  then  inhibits  formation  and  liberation 
of  this  principle,  while  continuing  to  stimulate  elaboration  and  release  of  the  lutein¬ 
izing  factor.  The  conclusion  was  further  supported  by  results  obtained  when  the 
pituitaries  of  the  injected  animals  were  transplanted. 

Since  certain  changes  occurring  in  ovaries,  thyroid  and  adrenals  as  a  re¬ 
sult  of  estrin  administration  indicate  stimulation  of  these  glands,  and  since 
such  changes  are  dependent  upon  the  presence  of  the  pituitary,  it  seems  evident 
that  the  effect  of  estrin,  at  least  under  certain  conditions,  is  to  make  available 
to  the  organism  an  increased  amount  of  pituitary  secretion.  On  the  other  hand, 
there  is  some  evidence  that  estrin  may  depress  the  pituitary.  In  view  of  the  va¬ 
riations  in  experimental  procedures  followed  and  chemical  preparations  used 
by  the  workers  in  this  field,  it  seems  possible  that  such  widely  divergent  effects 
may  be  in  part  referable  to  differences  in  physiologic  action  of  the  various 
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Chart  I.  Effect  of  various  estrogenic  substances  on  the  weight  of  the  pituitary 
of  the  castrate  rat.  Interrupted  cross-hatching  indicates  previous  experiments  in¬ 
cluded  here. 


chemical  forms  of  estrin  and/or  to  differences  in  dosage  and  period  of  ad¬ 
ministration.  This  possibility  suggested  the  present  study,  in  which  the  fol¬ 
lowing  points  have  been  investigated:  a)  the  effects  of  different  estrogenic 
substances  upon  the  pituitary,  ovaries,  adrenals  and  thyroid  of  normal,  castrate 
and  hypophysectomized  rats;  b )  the  influence  of  dosage  upon  these  effects. 


MATERIAL  AND  METHODS 

The  following  estrogenic  substances®  were  used:  trihydroxyestrin,  dihy- 
droxyestrin,  ketohydroxyestrin,  hydroxyestrin  benzoate  and  the  placental  fac¬ 
tor,  emmenin.  In  the  case  of  each  substance,  adult  female  rats  were  injected 
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Chart  II.  Effect  of  Ttrious  estrogenic  substances  on  the  weight  of 
the  adrenals  of  castrate  rats  and  hypophysectomized  rats.  Interrupted 
cross-hatching  indicates  previous  experiments  included  here. 


*  Trih^ro^estrin  and  ketohydroxyestrin,  in  specially  prroared  concentrated  form,  were  kindly  furnished 
by  Parke,  Davis  &  Co.  through  the  courte^  of  Mr.  H.  C.  Fritsch.  Half  of  the  concentrated  hydroxyestrin- 
benzoate  was  furnished  gratuitiously  by  the  Schering  Corporation  through  the  courtesy  of  Dr.  Erwin  Schwmk. 
A  specially  prepared  emmenin  concentrate  was  furnished  gratuitously  by  Ayerst,  McKenna  and  Harrison 
through  the  courtesy  of  Mr.  Stanley  Cook  ana  Mr.  Joseph  Hutchinson. 
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daily  for  10  days  with  moderate*  or  with  relatively  large  amounts.  The 
latter  dose  was  determined  as  follows:  each  substance  was  used  in  the  most 
concentrated  solution  that  we  were  able  to  obtain  and  the  largest  amoimt  that 
could  be  absorbed  was  given  at  each  injection.  Animals  receiving  moderate 
doses  had  been  castrated  25  days  previously.  Large  doses  were  given  to  2  5 -day 
castrates,  to  intact  animals  and  to  hypophysectomized  animals.  At  the  end  of 
the  injection  period,  the  animals  were  sacrificed  and  the  pituitaries,  ovaries, 
adrenals  and  thyroids  were  weighed®  and  studied  histologically.  In  each 
instance  the  glands  were  compared  with  those  from  a  comparable  number  of 
normal,  castrate  and  hypophysectomized  controls. 

RESULTS 

The  results  are  shown  graphically  in  Charts  I,  II,  and  III.  The  various 
estrogenic  preparations  were  found  to  differ  markedly  in  potency  but  all  pro¬ 
duced  similar  effects.  With  respect  to  all  of  them,  the  bearing  of  dosage  upon 
results  was  extremely  important.  Thus,  animals  receiving  moderate  amounts 
of  hormone  showed  a  slight  but  unmistakable  hypertrophy  of  the  pituitary. 


The  weights  of  thyroid  and  adrenals  were  slightly  above  those  of  the  controls; 
the  increase,  however,  was  not  sufficiently  marked  to  be  of  significance.  When, 
on  the  other  hand,  large  doses  were  used,  adrenals  as  well  as  pituitary,  were 
significantly  increased  in  weight.  Results  in  castrates  and  non-castrates  were 
qualitatively  similar.  In  the  latter  animals  there  was  also  a  marked  increase  in 
weight  of  the  ovaries. 

The  histological  changes  in  the  pituitary  were  not  studied  in  great  detail. 
They  were  in  every  way  similar  to  those  obtained  by  Wolfe  (12)  after  the 
administration  of  large  amounts  of  hydroxyestrin  benzoate.  The  increased 
weight  of  the  ovaries  was  due  to  the  presence  of  large  corpora  lutea,  which, 
in  the  majority  of  instances,  were  comparable  in  size  and  morphology  to  those 
found  in  normal  pregnancy  (fig.  1).  The  adrenals  of  the  castrate  animals  in¬ 
jected  with  large  amounts  of  estrogenic  substances  showed  striking  histological 
changes.  When  these  glands  were  compared  with  those  of  the  2  5 -day  castrate 

*  In  a  few  instances,  injections  of  moderate  amounts  of  tribydroxyestrin  and  emmenin  were  continued 
for  onW  6  days. 

'  Organs  were  weighed  on  a  Hartmann-Braun  torsion  balance  accurate  to  O.J  mg. 
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controls,  it  was  seen  that  there  was  a  marked  widening  of  the  cortex.  This  was 
1.5  to  2  times  the  width  of  the  cortex  of  the  regressive  glands  in  the  castrate 
uninjected  group  (fig.  2)  and,  in  many  instances,  wider  than  the  cortex  ot 
non-castrate  controls.  The  zonae  fascicularis  and  reticularis  were  markedly 
increased  in  width  and  contained  hypertrophied  cellular  elements  and  dilated 
sinusoids.  The  cells  of  these  layers  contained  a  finely  vacuolated  cytoplasm 
which  stained  homogeneously.  These  cells  were  in  marked  contrast  to  the  cor¬ 
responding  cells  in  glands  of  uninjected  castrates  and  intact  controls.  In  the 
latter  2  groups  of  animals,  the  cells  of  the  zona  fascicularis  contained  larger 
vacuoles  but  the  cells  of  both  layers  were  smaller  and  less  regularly  arranged. 
The  most  striking  observation  was  the  presence  of  relatively  numerous  mitoses 
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Fi^.  1.  Diagrammatic  representation  of  comparative  size  of  corpora 
lutea  in  ovaries  from  non-pregnant  tats,  pregnant  rats  and  rats  in¬ 
jected  with  various  estrogenic  substances.  Drawn  to  scale  from  camera 
lucida  drawings. 

in  the  injected  animals.  These  mitoses  were  found  in  the  zona  glomerulosa  and 
the  outer  portion  of  the  zona  fascicularis.  In  the  adrenals  of  intact  and  castrate 
controls,  mitoses  were  extremely  rare.  The  histological  changes  in  the  adrenals 
of  non-castrate  injected  animals  were  similar  to  those  found  in  injected  cas¬ 
trates. 

No  eflFects  upon  the  glands  in  question  were  obtained  in  hypophysecto- 
mized  animals  with  any  of  the  estrogenic  substances.  In  these  animals  the 
adrenal  cortex  was  extremely  thin  and  no  mitoses  were  observed. 

In  all  instances,  the  effect  upon  the  pituitary  was  most  marked,  however, 
the  changes  in  ovaries  and  adrenals  were  equally  consistent  and  almost  as  strik¬ 
ing.  Some  evidence  of  an  effect  upon  the  thyroid  was  obtained  but  since  re¬ 
sults  with  respect  to  this  gland  were  less  consistent,  they  have  not  been  de¬ 
scribed. 

DISCUSSION 

It  is  obvious  from  these  results  that,  under  the  conditions  described,  the 
various  estrogenic  substances,  although  differing  markedly  in  potency,  act  simi¬ 
larly  in  causing  hypertrophy  of  the  pituitary,  ovaries  and  adrenals.  The  nega- 


EFFECTS  OF  ESTROGENIC  SUBSTANCES 


November,  1936 


Fig.  2.  Photomicrographs  of  the  adrenal  cortex  of  the  rat.  Left  B,  adrenal  cortex  of  a 
2S-day  castrate  rat,  x  43.  Left  A,  a  higher  magnification  of  an  area  similar  to  that  indicated  by 
insert  on  left  B,  x  640.  Right  B,  a  typical  picture  of  the  adrenal  cortex  of  a  23-day  castrate  rate 
produced  by  injection  of  any  one  of  the  estrogenic  substances  tested,  x  43.  Right  A,  higher 
magnification  taken  from  area  similar  to  the  corresponding  insert  on  right  B  x  640  (held 
chosen  shows  mitoses  which  are  frequently  observed  in  this  area). 

five  results  following  ablation  of  the  pituitary  indicate  that  the  presence  of  this 
gland  is  necessary  for  the  action  of  oestrin  on  ovaries  and  adrenals.  Hyper¬ 
trophy  of  and  storage  of  secretion  by  the  pituitary  following  oophorectomy 
have  been  attributed  to  withdrawal  of  the  depressing  effect  of  estrin.  On  the 
other  hand,  atrophy  of  the  adrenals  and  thyroid  occurring  as  a  result  of  long- 
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term  castration  can  be  repaired  by  the  injection  of  estrin  (Andersen,  15) .  Sin^e 
the  atrophy  of  these  glands  resulting  from  hypophysectomy  cannot  be  similarly 
repaired,  it  must  be  assumed  that  the  effect  of  estrin  on  the  adrenal  in  tlie 
castrate  is  due  to  a  release  of  the  stored  hypophyseal  secretion.  This  action  m 
the  castrate  and  the  results  obtained  in  the  present  experiments  must  indicate 
that  oestrin  stimulates  the  pituitary  in  some  manner. 

We  believe  that  our  observations  add  evidence  that  the  various  estrogenic 
substances  are  essentially  similar  in  their  action  on  the  body  mechanisms.  The 
differences  observed  are,  we  believe,  due  to  little  understood  factors  of  ab¬ 
sorption,  storage,  metabolism  and  excretion  and  not  to  differences  in  physio¬ 
logic  effects  of  the  substances  themselves. 

SUMMARY 

A  comparison  has  been  made  of  the  effects  of  trihydroxyestrin,  dihy- 
droxyestrin,  ketohydroxyestrin,  hydroxyestrin  benzoate  and  the  placental  es¬ 
trogenic  substance,  emmenin,  upon  the  pituitary,  ovaries  and  adrenals  of  cas¬ 
trate,  non-castrate  and  hypophysectomized  rats.  Injections  of  moderate  and  of 
large  amounts  of  each  substance  were  given  daily  for  10  days.  The  pituitaries, 
ovaries  and  adrenals  were  weighed  and  studied  histologically,  and  were  com¬ 
pared  with  glands  from  suitable  control  animals. 

Trihydroxyestrin,  dihydroxyestrin,  ketohydroxyestrin,  hydroxyestrin  ben¬ 
zoate  and  the  placental  estrogenic  substance  emmenin,  when  injected  in  suffi¬ 
cient  amounts,  cause  hypertrophy  of  the  pituitary  and  adrenal  glands  of  the 
castrate  rat.  The  same  substances  in  sufficient  amounts  cause  hypertrophy  of 
pituitary,  adrenals  and  ovaries  in  the  normal  rat.  The  increase  in  size  of  the 
ovary  is  due  solely  to  the  formation  of  corpora  lutea  comparable  in  size  and 
morphology  to  those  found  in  normal  pregnancy. 

The  effects  of  these  substances  upon  the  ovaries  and  adrenals  are  dependent 
upon  the  presence  of  the  pituitary. 
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THE  TIME  ELEMENT  IN  THE  PITUITARY-OVARIAN 
RESPONSE  TO  LARGE  DOSES  OF  THE 
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of  Neurosurgery,  Hospitd  of  the  University  of  Pennsylvania 
PHILADELPHIA,  PENNSYLVANIA 

Following  the  lucid  demonstration  of  the  dependency  of  the  gonads  upon 
the  anterior  hypophysis  (1,  2),  it  has  also  been  shown  that,  at  a  given  height 
of  concentration,  gonad  hormones  of  either  sex  suppress  the  activity  of  the 
anterior  hypophysis  (3,  4,  5,  6).  This,  in  turn,  causes  regressive  changes  in 
the  gonads  (3, 4,  7, 8, 9, 10) . 

However,  Hohlweg’s  more  recent  observations  (11)  on  the  pituitary- 
ovarian  response  to  massive  doses  of  estrogenic  substance  in  both  adult  and 
infantile  rodents  indicated  the  existence  of  a  hitherto  unsuspected  reciprocal 
relationship  between  gonad  hormones  and  the  anterior  hypophysis.  Most  re¬ 
markable  was  his  demonstration  of  premature  development  of  corpora  lutea 
in  the  ovaries  of  infantile  rats  given  500  R.U.  of  hydroxyestrin  benzoate  as 
a  single  dose.  The  concomitant  changes  observed  by  Hohlweg  in  the  anterior 
hypophyses  of  the  rodents  included  alterations  of  the  chief  cells  and  a  slight 
increase  of  the  eosinophile  cells.  The  possible  mediation  of  a  hypothetical  sex 
center  (12),  acting  as  a  regulatory  buffer  for  the  anterior  hypophysis,  is  in¬ 
teresting  but  irrelevant — the  relationship  between  the  anterior  hypophysis  and 
the  gonads  remains  the  same. 

The  present  study  was  undertaken  in  order  to  observe  further  the  phenom¬ 
ena  reported  by  Hohlweg.  The  test  animals  were  rats  and  isolated  rabbits, 
both  infantile  and  adult.  The  estrogenic  substances  employed  included  keto- 
hydroxyestrin  (theelin),  hydroxyestrin  benzoate  (progynon-B)  and  dihy- 
droxyestrin  (progynon-D).  They  were  administered  hypodermically,  daily  in 
oily  solution  for  either  7  or  from  21  to  30  days.  The  results  observed  were  the 
same  irrespective  of  the  kind  of  estrogenic  substance  employed.  For  purposes 
of  orientation,  a  series  of  infantile  rats,  weighing  35  to  40  gm.,  were  given 
single  injections  of  500  R.U.  of  estrogenic  substance  and  their  ovaries  removed 
7  days  later  (Hohlweg’s  original  experiment).  The  major  experiments,  per¬ 
formed  on  both  infantile  and  adult  rats  and  rabbits,  are  divisible  into  2  groups, 
depending  on  the  duration  of  estrogenic-substance  administration.  The  ovaries 
and  anterior  hypophyses  were  weighed  (table  1)  and  histologically  studied  in 
comparison  with  those  of  control  animals  of  the  same  strain  in  each  instance. 
The  thyroid  glands  and  adrenals  were  also  studied  in  some  of  the  experiments. 

*  Read  before  the  Twentieth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Kansas  City,  Mo.,  May  11,  1936. 
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Effects  of  a  single,  large  dose  of  estrogenic  substance  on  the 
ovaries  of  infantile  rats. 

Five  of  10  infantile  (35-40  gm.)  rats  were  each  given  a  single  injection 
of  500  R.U.  of  estrogenic  substance;  the  remaining  5  animals  served  as  con¬ 
trols.  The  animals  were  killed  and  their  ovaries  examined  1  week  following 
the  administration  of  estrogenic  substance.  Grossly,  the  ovaries  of  the  treated 
animals  were  larger  and  definitely  more  vascular  than  those  of  the  control 
animals.  The  average  weight  of  both  ovaries  of  the  control  animals  was  1 5  mg. 
and  of  the  treated  animals  21.5  mg.  Microscopically,  the  ovaries  of  all  the 
treated  animals  showed  advanced  follicular  growth.  Corpora  lutea  were  foimd 
in  3  of  the  5  treated  rodents  (fig.  1).  Concluding  that  these  findings  were 
sufiiciently  corroborative  of  Hohlweg’s  observations  to  warrant  further  study. 


Table  1.  Average  weights  of  the  pituitary  glands  and  ovaries  of  rats  and  rabbits 

INJECTED  WITH  LARGE  DOSES  OF  ESTROGENIC  SUBSTANCE  FOR  VARYING  PERIODS. 


Test  Animal 

Eistrogenic  Substance 
Administered  Daily 

Average  weight  of 
Both  Ovaries 

Average  Weight  of 
Pituitary 

Control 

mg. 

Treated 

mg. 

Control 

mg- 

Treated 

mg. 

Infantile  rat 

500  R.U.  once 

15 

21.5 

Infantile  rat 

500  R.U.  for  7  days 

22 

29 

5.5 

Infantile  rabbit 

12,000  R.U.  for  7  days 

58 

60 

17 

Adult  rabbit 

10,000  R.U.  for  7  days 

230 

378 

18 

Infantile  rat 

100  R.U.  for  30  days 

24 

15 

7 

Adult  rat 

100  R.U.  for  30  days 

56 

81 

18 

Infantile  rabbit 

10,000  R.U.  for  21  days 

65 

92 

18 

Adult  rabbit 

10,000  R.U.  for  21  days 

260 

190 

■■ 

19 

the  remaining  series  of  experiments  were  executed  in  order  to  observe  the 
ovarian  and  hypophyseal  effects  of  estrogenic-substance  administration  to  ani¬ 
mals  in  varied  doses  and  for  different  periods  of  time. 

Ovarian  and  hypophyseal  effects  of  large,  daily  doses  of  estrogenic  substances 
administered  over  short  periods  to  rats  and  rabbits 

Infantile  rats.  Thirty  of  41  infantile  (35-40  gm.)  rats  were  each  injected 
with  500  R.U.  of  estrogenic  substance  daily  for  7  days;  the  remaining  11 


See  illusbations  on  opposite  page 

Fig.  I.  Infantile  rat  ovaries:  A,  control  animal ;  B,  animal  given  a  single  injection  of  )00  R.U.  of 
progynon-B  7  days  earlier,  showing  increase  in  total  size,  several  maturing  follicles  and  a  corpus  luteum. 
X42. 

Fig.  2.  Infantile  rat  ovaries:  A,  control  animal ;  B,  animal  given  500  R.U.  of  progynon-B  daily  for  7 
days,  showing  mature  follicles  and  a  corpus  luteum ;  C,  animal  given  100  R.U.  of  progynon-D  daily  for 
30  days  (practically  same  total  dose),  showing  absence  of  expected  natural  follicular  growth  and  of  corpora 
lutea.  X63. 

Fig.  3.  Sections  of  anterior  hypophyses  of  infantile  rats:  A,  control  animal;  B,  animal  given  100  R.U. 
of  progynon-B  daily  for  7  days,  showing  very  slight  increase  in  number  of  eosinophile  cells.  X750. 

Fig.  4.  Infantile  rabbit  ovaries:  A,  control  animal,  showing  myriads  of  primordial  follicles;  B,  animal 
given  12,000  R.U.  of  progynon-D  daily  for  7  days,  showing  many  almost  mature  follicles;  C,  animal  givm 
10,000  R.U.  of  progynonT)  daily  for  21  days,  showing  fewer  follicles  and  dense  growth  of  interstitial  tis¬ 
sue.  Xb3. 

Fig.  5.  Sections  of  anterior  hypophyses  of  infantile  rabbits:  A,  control  animal ;  B,  animal  given  12,000 
R.U.  progynon-D  daily  for  7  days,  showing  diffuse  increase  of  eosinophile  cells  with  variations  of  the 
cytoplasmic  granules ;  C.  animal  given  10,000  R.U.  of  progynon-D  daily  for  21  days,  showing  even  greater 
increase  of  eosinophile  cells,  X750, 

Fig.  6.  Adult  rabbit  ovaries;  A,  control;  B,  given  10,000  R.U.  of  progynon-D  daily  for  7  days;  C, 
given  10,000  R.U.  of  progynon-D  daily  for  21  days.  Note  enormous  growth  as  result  of  short-term  treat¬ 
ment  and  regression  as  result  of  long-term  treatment.  X12. 
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animals  were  untreated  and  served  as  controls.  All  animals  were  killed  on  the 
8th  day  of  the  experiment.  The  ovaries  of  the  30  treated  animals  were  greater 
in  size  and  more  globular  in  shape  than  those  of  the  1 1  controls.  The  average 


Fig.  7.  Adult  rabbit  ovaries:  A,  control  animal,  showing  several  almost  mature  follic|es;  B,  marked 
growth  of  interstitial  tissue  but  no  changes  in  follicular  structure ;  C,  showing  marked  follicle  atresia  and 
fibrous  interstitial  tissue  as  a  result  of  long-term  treatment.  X6}. 

Fig.  8.  Se^ions  of  anterior  hypophyses  of  adult  rabbits:  A,  control ;  fi,  animal  given  10,000  R.U.  of 
progynon-D  daily  for  7  days,  showing  increased  number  of  eosinophile  cells;  C,  animal  given  10,000  R.U, 
of  progynon-D  daily  for  21  days,  showing  diffuse  hyperplasia  of  eosinophile  cells.  X7?0. 

Fig.  9.  Adult  rat  ovaries:  A,  control,  showing  corpus  luteum  and  maturing  follicles;  B.  animal  given 
100  R.U.  of  progvnon-B  daily  for  30  days,  showing  edema  of  interstitial  tissue,  decreased  number  of  follicleN 
and  no  corpora  liitea.  X63. 

Fig.  10.  Sections  of  anterior  hypophyses  of  adult  rats:  A,  control;  B,  animal  given  100  R.U.  of  prog\ 
non-B  daily  for  30  days,  showing  no  cnanges.  X750. 

Fig.  11.  Sections  of  thyroid  glands  of  adult  rabbits:  A,  control  animal,  showing  acini  containing  litti" 
colloid  and  lined  by  cuboidal  cells ;  B,  animal  given  10.000  R.U.  of  progynon-D  daily  for  7  days,  showing  no 
changes.  C,  animal  given  10,000  R.U.  of  progynon-D  daily  for  21  days,  showing  acini  filled  with  colloid  and 
lined  by  flat  cells  with  pycnotic  nuclei,  X377. 

weight  of  both  ovaries  of  the  control  animals  was  22  mg.  and  of  the  treated 
animals  29  mg.  Several  growing  follicles  were  present  in  each  of  the  control 
ovaries  but  no  corpora  lutea  or  totally  mature  follicles.  The  ovaries  of  tlu 
treated  animals  showed  from  6  to  10  mature  follicles  and  varying  numbers  oi 
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developing  follicles.  Corpora  lutea  were  found  in  one  or  both  ovaries  in  22 
of  the  30  treated  rats  (fig.  2) .  The  pituitary  glands  of  the  control  and  treated 
groups  were  grossly  similar  and  no  diflFerences  in  weight  were  observed. 
Histologically,  the  anterior  pituitary  lobes  of  the  treated  animals  showed  a 
very  slight  increase  in  the  number  of  eosinophile  cells  but  no  changes  in  the 
basophile  or  chromophobe  elements  (fig.  3). 

Infantile  rabbits.  Twelve  of  18  isolated,  infantile  (2.5  months)  rabbits 
were  each  injected  with  12,000  R.U.  of  estrogenic  substance  daily  for  7  days; 
the  remaining  6  animals  were  untreated  and  served  as  controls.  The  animals 
were  killed  on  the  8th  day  of  the  experiment.  The  average  weights  of  the 
ovaries  in  the  2  groups  showed  little  difference,  the  controls  averaging  58  mg. 
and  the  treated  60  mg.  in  weight.  The  ovaries  of  the  6  control  animals  showed 
myriads  of  primordial  follicles  in  the  peripheral  zones  and  occasional  young 
follicles  in  the  central  areas.  The  ovaries  of  the  12  treated  rabbits  showed 
definite  follicular  growth,  as  indicated  by  the  presence  of  many  almost  mature 
follicles  (fig.  4) .  There  was  no  variation  in  the  average  weights  of  the  pituitary 
glands  of  the  control  and  treated  groups.  Histologically,  the  anterior  hypoph¬ 
yses  of  the  treated  animals  showed  a  diffuse  increase  of  eosinophile  cells 
(fig.  5).  Their  appearance  varied  considerably,  depending  on  the  coarse  or 
fine  character  of  the  eosinophilic  granules  of  the  cytoplasm.  There  were  no 
changes  noted  in  either  the  basophile  or  chromophobe  cells. 

Adult  rabbits.  Thirteen  of  18  isolated,  adult  (4.5  months)  rabbits  were 
each  injected  with  10,000  R.U.  of  estrogenic  substance  daily  for  7  days;  the 
remaining  5  animals  were  untreated  and  served  as  controls.  The  animals  were 
killed  on  the  8th  day  of  the  experiment.  There  was  a  marked  increase  in  size 
of  the  ovaries  of  the  treated  group  (fig.  6).  The  average  weight  of  both 
ovaries  of  the  control  animals  was  230  mg.  and  that  of  the  treated  group  378 
mg.  Microscopically,  however,  no  striking  differences  were  observed,  aside 
from  the  presence  of  more  fully  matured  follicles  in  the  peripheral  zones  of 
the  ovaries  of  the  13  treated  animals  (fig.  7).  The  pituitary  glands  of  the 
treated  and  control  rabbits  showed  no  variations  in  average  weight.  Micro- 
scropically,  the  anterior  hypophyses  of  the  treated  animals  were  similar  to  those 
of  the  previous  group,  inasmuch  as  they  showed  an  increase  in  the  number 
of  eosinophile  cells  and  no  apparent  changes  of  either  the  basophile  or  chromo¬ 
phobe  cells  (fig.  8). 

Ovarian  and  hypophyseal  effects  of  large,  daily  doses  of  estrogenic  substance 
administered  over  long  periods  to  rats  and  rabbits 

Infantile  rats.  Five  of  8  infantile  (35-40  gm.)  rats  were  each  injected  with 
100  R.U.  of  estrogenic  substance  daily  for  30  days;  the  remaining  3  animals 
were  untreated  and  served  as  controls.  The  animals  were  killed  on  the  31st 
day  of  the  experiment.  The  average  weight  of  both  ovaries  of  the  control 
animals  was  24  mg.  and  that  of  the  treated  group  1 5  mg.  The  ovaries  of  the 
control  animals,  as  was  to  be  expected  after  an  interval  of  30  days,  had 
progressed  to  the  stage  of  luteinization  and  each  ovary  exhibited  from  1  to  3 
corpora  lutea.  On  the  other  hand,  not  one  ovary  of  the  5  treated  animals  showed 
luteinization  (fig.  2).  The  normal  ovarian  growth  expected  during  a  30-day 
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period  had  not  occurred.  In  fact,  general  appearance  of  the  ovaries  of  the 
treated  series  was  similar  to  that  seen  in  the  7-day  control,  infantile  rats.  There 
was  no  diflFerence  in  the  average  weights  of  the  pituitary  glands  of  the  control 
and  treated  groups.  There  was  a  mild,  diffuse  increase  in  the  number  of 
eosinophile  cells  in  the  anterior  hypophyses  of  the  treated  rats  in  comparison 
with  the  controls  but  no  other  changes  (fig.  3) . 

Adult  rats.  Fourteen  of  21  adult  (130-150  gm.)  rats  were  each  injected 
with  100  R.U.  of  estrogenic  substance  daily  for  30  days;  the  remaining  7 
animals  were  untreated  and  served  as  controls.  The  animals  were  killed  on  the 
31st  day  of  the  experiment.  The  average  weight  of  both  ovaries  of  the  control 
series  was  56  mg.  and  that  of  the  treated  animals  81  mg.  The  ovaries  of  the 
7  control  rats  showed  numerous  developing  follicles  and  corpora  lutea.  The 
ovaries  of  all  the  treated  animals  had  an  abnormal  appearance,  namely,  an 
absence  of  corpora  lutea,  a  decreased  nvmiber  of  growing  follicles  and  edema 
of  the  interstitial  tissue  (fig.  9).  The  latter  probably  accounted  for  the  relative 
increase  in  the  average  ovarian  weight.  The  pituitary  glands  of  the  2  series 
differed  in  weight,  the  controls  averaged  12  mg.  and  the  treated  18  mg.  Micro¬ 
scopically,  however,  the  anterior  hypophyses  of  the  treated  group  showed  little 
alteration  in  comparison  with  those  of  the  control  series  (fig.  10).  Occasional 
sections  of  the  former  group  showed  a  slight  increase  in  the  degree  of  eosino¬ 
phile  staining  but  this  was  not  sufliciently  constant  to  be  convincing. 

Infantile  rabbits.  Six  of  9  infantile  (2.5  months)  rabbits  were  each  in¬ 
jected  with  10,000  R.U.  of  estrogenic  substance  daily  for  21  days;  the  remain¬ 
ing  3  animals  were  untreated  and  served  as  controls.  The  animals  were  killed 
on  the  22nd  day  of  the  experiment.  The  average  ovarian  weight  of  the  control 
series  was  65  mg.  and  that  of  the  treated  92  mg.  In  comparison  with  those  of 
the  control  series,  the  ovaries  of  the  treated  group  showed  uniformly  fewer 
follicles  and  dense  growth  of  the  interstitial  tissue  (fig.  4).  There  was  no 
variation  in  the  average  weights  of  the  pituitary  glands  in  the  control  and 
treated  series.  In  comparison  with  the  controls,  there  was  a  marked  increase  in 
the  number  of  eosinophile  cells  in  the  anterior  hypophyses  of  the  treated 
animals.  In  the  latter,  the  eosinophile  elements  were  diffusely  scattered 
throughout  the  anterior  hypophyses  to  the  same  degree  and  with  the  same 
characteristics  as  seen  in  the  hypophyses  of  the  infantile  rabbits  treated  for 
seven  days  (fig.  5).  The  basophile  and  chromophobe  cells  were  apparently 
unaffected. 

Adult  rabbits.  Eleven  of  15  isolated,  adult  (4.5  months)  rabbits  were 
each  injected  with  10,000  R.U.  of  estrogenic  substance  daily  for  21  days; 
the  remaining  4  were  untreated  and  served  as  controls.  The  animals  were 
killed  on  the  22nd  day  of  the  experiment.  The  average  weight  of  both  ovaries 
of  the  control  rabbits  was  260  mg.  and  that  of  the  treated  190  mg.  (fig.  6). 
The  ovaries  of  the  control  animals  showed  growing  and  mature  follicles  in  the 
cortical  areas.  The  ovaries  of  all  the  treated  animals  were  striking  because  of 
dense  overgrowth  of  the  interstitial  tissue  and  marked  follicle  atresia  (fig.  7). 
Several  of  the  ovaries  of  the  treated  group  showed  fibrous  tissue  in  the  medul¬ 
lary  portions.  The  pituitary  glands  of  the  control  and  treated  series  showed 
no  significant  difference  in  their  average  weight,  averaging  18  and  19  mg. 
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respectively.  Histologically,  however,  the  anterior  hypophyses  of  all  the  treated 
animals  showed  di£Fuse  hyperplasia  of  the  eosinophile  cells,  in  comparison 
with  those  of  the  control  group  (fig.  8) .  The  degree  of  eosinophilic  alteration 
was  very  marked,  giving  rise  to  a  relative  decrease  in  the  number  of  chromo¬ 
phobe  cells.  The  cytoplasm  of  the  eosinophilic  cells  varied  greatly  in  appear¬ 
ance.  Most  of  the  cells  were  packed  with  eosinophilic  granules,  some  contain¬ 
ing  scattered  granules  and  others  only  peripheral  granules.  The  latter  type  of 
eosinophilic  cells  were  often  vacuolated.  The  basophile  cells  were  apparently 
unaltered. 

Effect  of  large,  daily  doses  of  estrogenic  substance  on  the  adrenals  and 
thyroid  glands  of  rabbits. 

The  adrenal  glands  were  studied  in  most  of  the  infantile  and  adult  rabbits. 
Mild  changes  noted  in  the  adrenals  of  the  treated  animals,  in  comparison  with 
those  of  the  control  series,  seemed  to  be  present  irrespective  of  the  duration 
of  estrogenic-substance  administration.  In  most  of  the  adrenals  of  the  treated 
series  there  was  an  increase  in  size  of  the  outer  cortical  cells  and  medullary 
invasion  by  groups  of  mid-zonal,  cortical  cells.  These  findings  were,  however, 
inconstant  and  also  present  in  a  few  of  the  control  adrenals. 

The  thyroid  glands  of  13  adult  rabbits  injected  with  10,000  R.U.  of 
estrogenic  substance  daily  for  7  days  showed  no  appreciable  changes  as  com¬ 
pared  with  controls.  Those  of  11  adult  rabbits  injected  with  10,000  R.U.  of 
estrogenic  substance  daily  for  a  period  of  21  days  showed,  on  the  other  hand, 
a  marked  accumulation  of  deeply-stained  colloid  and  flattened  cells  with 
pycnotic  nuclei.  These  changes  indicate  inactivity  of  the  gland  apparently  due 
to  inhibition  of  the  thyrotropic  function  of  the  anterior  pituitary  lobe  through 
the  prolonged  treatment  with  estrogenic  substance.  These  findings  are  signi¬ 
ficant  and  in  consonance  with  the  regressive  changes  found  in  the  ovaries  of 
these  animals  (fig.  11). 

DISCUSSION 

We  may  conclude  from  the  foregoing  observations  that,  in  contradistinc¬ 
tion  to  the  stimulative  effect  of  large  doses  given  over  a  short  period,  pro¬ 
longed  treatment  with  estrogenic  substance  produce  definite  degenerative 
changes  in  the  ovaries  and  in  the  thyroid  gland.  In  this  respect  our  findings 
differ  from  those  of  Hohlweg  (11)  who  claims  to  have  obtained  definite 
evidence  of  ovarian  stimulation  in  adult  rats  treated  over  a  period  of  a  month 
with  100  R.U.  of  progynon-B  daily. 

We  may  tentatively  assume  that  the  ovarian  changes,  both  stimulative  and 
regressive,  herein  recorded  represent  purely  functional  alterations  of  the 
anterior  hypophysis,  since  the  accompanying  morphologic  changes  in  the 
pituitaries  of  the  treated  animals,  irrespective  of  length  of  treatment,  are  the 
same,  namely  an  increase  in  the  number  of  eosinophiles.  Neither  Hohlweg 
nor  we  have  thus  far  attempted  to  determine  the  degree  of  gonadotropic  ac¬ 
tivity  of  the  treated  pituitaries  by  means  of  implanting  them  into  immature 
mice.  Further  illustration  of  the  functional  depression  of  the  anterior  hy¬ 
pophysis  of  animals  treated  for  a  long  period  with  large  doses  of  estrogenic 
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substance  is  the  histologic  changes  of  the  thyroids  of  the  treated  animals.  Inas¬ 
much  as  the  morphology  of  the  thyroid  gland  accurately  reflects  its  functional 
state  and  inasmuch  as  the  latter  is  controlled  by  the  thyrotropic  hormone  of 
the  anterior  pituitary  lobe,  comparison  of  the  glands  of  the  chronically  treated 
animals  with  those  of  the  acutely  treated  animals  leaves  little  doubt  as  to  the 
induced  state  of  pituitary  inhibition  (fig.  11).  The  inference  may  be  drawn 
that  long-continued  injections  of  massive  doses  of  estrogenic  substance,  in 
contrast  to  those  given  during  a  short  period  of  time,  not  only  depress  the 
gonadotropic  function  of  the  anterior  hypophysis  but  the  thyrotropic  function 
as  well.  While  these  limited  observations  do  not  support  the  contention  of 
Hohlweg  and  Junkmann  (13)  that  estrogenic  substance  has  no  effect  on  the 
thyrotropic  function  of  the  anterior  hypophysis,  they  are  in  substantial  agree¬ 
ment  with  the  more  recent  work  of  Kippen  and  Loeb  (14)  who  observed 
stimulation  of  the  thyroid  gland  following  gonadectomy  in  the  guinea  pig. 

These  experimental  data  may  be  profitably  correlated  with  certain  clinical 
observations.  Thus,  it  is  well  known  that  large  doses  of  estrogenic  substance 
administered  for  long  periods  to  human  beings  depress  at  least  3  of  the  several 
functions  of  the  anterior  pituitary  lobe,  namely  the  gonadotropic  function 
(15,  16,  17),  the  thyrotropic  function  (18)  and  the  diabetogenic  function 
(19).  That  large  doses,  such  as  300,000  R.U.,  given  during  only  1  week  of 
the  month  to  amenorrheic  women  do  not  depress  the  sex  function  of  the 
anterior  hypophysis  but,  on  the  contrary,  apparently  produce  stimulative 
phenomena  was  demonstrated  in  3  of  8  amenorrheic  women  thus  treated  by 
us  (20).  Two  of  them  have  been  menstruating  regularly  during  a  period  of 
7  months  and  the  third  conceived  soon  after  the  second  course  of  treatment 
and  bore  a  healthy  infant.  Inasmuch  as  the  advent  of  pregnancy  is  predicated 
upon  the  existence  of  a  functioning  corpus  luteum,  the  inception  of  pregnancy 
in  the  third  patient,  1  or  2  weeks  after  she  received  the  second  course  of  mas¬ 
sive  doses  of  estrogenic  substance,  is  seemingly  confirmatory  of  the  experi¬ 
mental  observations  on  the  luteinizing  action  of  acutely  administered  estro¬ 
genic  substance  in  the  infantile  rat. 

SUMMARY 

The  duration  of  treatment  is  an  important  factor  in  the  pituitary-ovarian 
response  to  large  doses  of  estrogenic  substance  in  rats  and  rabbits.  Single  or 
multiple  injections  of  massive  doses  of  estrogenic  substance  during  1  week 
caused  definite  ovarian  stimulation  in  infantile  animals — corpora  lutea  in  ro¬ 
dents  and  mature  follicles  in  rabbits.  Equally  large  or  smaller  doses  of  estro¬ 
genic  substance  given  during  a  period  of  from  21  to  30  days  caused  ovarian 
degeneration  in  infantile  animals — decrease  of  growing  follicles  and  fibrosis 
of  interstitial  tissue.  Corresponding  experiments  in  adult  rats  and  rabbits 
yielded  similar  ovarian  effects. 

The  significance  of  the  time  element  is  further  illustrated  by  the  micro¬ 
scopic  appearance  of  the  thyroid  glands  of  the  treated  rabbits.  Short  treatment 
(1  week)  with  massive  doses  of  estrogenic  substance  produced  no  appreciable 
change  in  the  structure  of  the  thyroid  gland,  but  prolonged  treatment  caused 
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the  accumulation  of  deeply-stained  colloid  material  and  flattening  of  the 
acinar  epithelium. 

The  histologic  changes  seen  in  the  hypophyses  of  the  treated  animals, 
namely  an  increased  number  of  eosinophile  cells  without  changes  of  the 
basophile  or  chromophobe  elements,  cannot  at  present  be  correlated  with  the 
ovarian  and  thyroid  changes.  It  is  reasonable  to  assume  that  fluctuations  of 
activity  in  the  anterior  hypophysis  are  responsible  for  the  varied  ovarian  and 
thyroid  responses. 

We  are  indebted  to  Drs.  Gregory  Stragnell  and  Erwin  Schwenk  of  the  Sobering  Cor¬ 
poration  for  the  generous  supply  of  progynon-B  and  progynon-D  employed  in  this  experimen¬ 
tal  work. 
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THE  EFFECT  OF  INTERRUPTION  OF  THE  SUPRAOPTICO- 
HYPOPHYSEAL  TRACTS  ON  THE  ANTIDIURETIC, 
PRESSOR  AND  OXYTOCIC  ACTIVITY  OF 
THE  POSTERIOR  LOBE  OF 
THE  HYPOPHYSIS^ 

C.  FISHER  AND  W.  R.  INGRAM 
Institute  of  Neurology,  Northwestern  University  Medical  School 
CHICAGO,  ILLINOIS 

The  theory  that  the  secretory  activity  of  the  posterior  lobe  of  the  hypophysis 
is  regulated  in  the  mammal  and  in  man  through  a  diencephalic-hypophyseal 
mechanism  has  received  wide  recognition,  although  up  to  the  present  time  little 
positive  experimental  evidence  has  been  offered  in  support  of  this  contention. 
In  a  recent  series  of  articles  evidence  has  been  presented  which  indicates  that 
the  secretion  of  the  antidiuretic  principle  by  the  posterior  lobe  is  regulated 
through  the  supraoptic  nuclei  of  the  hypothalamus  and  the  tracts  which  arise 
from  them  (1,  2,  3,  4).  It  has  been  shown  that  when  the  supraoptico-hypo- 
physeal  tracts  are  interrupted  bilaterally  in  the  cat  and  monkey  by  appropriate 
lesions  in  the  anterior  hypothalamus  a  diabetes  insipidus  develops  which  is 
always  associated  with  marked  degenerative  changes  in  the  pars  nervosa  and 
atrophy  of  the  supraoptic  nuclei.  Because  of  the  constant  association  of  atrophy 
of  the  pars  nervosa  with  diabetes  insipidus  in  these  forms,  it  was  concluded 
that  this  disorder  is  due,  in  final  analysis,  to  a  diminution  in  or  total  abolition 
of  the  secretion  of  the  antidiuretic  principle  by  this  division  of  the  pituitary. 
This  conclusion  was  further  borne  out  by  our  ^ding  and  that  of  Richter  (5) 
that  the  polyuria  of  diabetes  insipidus  is  primary  to  the  polydipsia. 

If  there  is  actually  a  suppression  of  the  antidiuretic  function  of  the  posterior 
lobe  of  the  hypophysis  when  the  supraoptico-hypophyseal  tracts  are  inter¬ 
rupted,  it  should  be  possible  to  demonstrate  this  by  assaying  the  atrophic 
glands  for  their  antidiuretic  activity.  The  appearance  of  diabetes  insipidus 
following  such  interruption  is  in  itself  proof  that  this  suppression  has  taken 
place.  However,  in  order  to  obviate  the  criticism  that  the  atrophy  of  the 
posterior  lobe  is  simply  a  fortuitous  circumstance,  playing  no  part  in  the  eti¬ 
ology  of  diabetes  insipidus,  it  was  decided  to  assay  some  of  these  atrophic 
glands  for  their  antidiuretic  activity.  At  the  same  time  and  in  order  to  test 
the  effect  of  interruption  of  the  supraoptico-hypophyseal  tracts  on  other  activi¬ 
ties  of  the  posterior  lobe,  pressor  and  oxytocic  assays  were  made. 

A  brief  description  of  the  degenerative  changes  which  occur  in  the  pars  nervosa 
of  the  cat  after  intermption  of  the  supraopticohypophyseal  tracts  will  be  helpful 


>  We  wish  to  express  our  thanks  to  Dr.  Oliyer  Kamm  of  Parke-Davis  and  Company  for  his  kindness 
in  collaborating  with  us  in  this  investigation.  We  also  desire  to  thank  Mr.  L.  W.  Rowe  and  Dr.  1.  W. 
CjTOte  of  Parke-Davis  and  Company  for  conducting  the  pressor,  oxytocic  and  antidiuretic  assays,  the  results 
of  which  are  reported  in  this  pap«. 
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at  this  point.  The  gland  shows  considerable  shrinkage  in  size,  resulting  in  a  widen¬ 
ing  of  the  interglandular  cleft.  At  the  same  time  its  walls  thin  out  causing  a  marked 
increase  in  the  size  of  the  posterior  lobe  cavity.  The  encapsulating  pars  intermedia 
appears  to  be  histologically  normal,  although  it  falls  into  wrinkles  and  folds  to 
accommodate  itself  to  the  shrinkage  of  the  pars  nervosa.  A  peculiar  colloid-like 
formation  has  been  found  in  most  instances  surrounding  and  adherent  to  the  pars 
intermedia.  Further,  it  has  been  demonstrated  (2)  that  the  dense  meshwork  of  un¬ 
myelinated  nerve  fibers,  normally  present  in  the  pars  nervosa  and  deriving  from  the 
supraoptico-hypophyseal  tracts,  is  almost  completely  absent.  The  glia-like  cells, 
known  as  pituicytes,  appear  to  have  degenerated.  In  their  place  is  a  dense  accumula- 
iion  of  elongated  cells,  the  exact  nature  of  which  has  not  been  determined.  There  is 
.1  considerable  increase  in  the  amount  of  connective  tissue  and  it  seems  not  unlikely 
that  the  cells  just  mentioned  represent  a  connective  tissue  element.  The  gross  changes 


Fig.  1.  Photomicrographs  showing:  I,  the  atrophic  posterior  lobe  of  a  cat  with  diabetes  insipidus; 

2,  a  normal  cat  posterior  lobe.  A,  pars  anteriors  of  hypophysis;  C,  cavity  of  posterior  lobe;  I,  pars 
intermedia  of  hypophysis ;  P,  pars  neuralis  of  hypophysis ;  X,  colloid-like  ring. 

described  above  are  well  illustrated  in  the  transverse  section  through  the  atrophic 
posterior  lobe  of  a  polyuric  cat,  shown  in  figure  1,  1.  This  figure  should  be  compared 
with  figure  1,  2  which  represents  a  transverse  section  through  a  normal  cat  pituitary. 

METHODS 

Assays  were  made  of  the  atrophic  posterior  lobes  of  4  cats  suffering  from 
diabetes  insipidus  and  of  3  normal  glands.  The  diabetes  insipidus  was  pro¬ 
duced  in  these  animals  by  placing  lesions  in  the  hypothalamus  with  the  aid  of 
the  Horsley-Clarke  stereotaxic  instrument  in  the  same  manner  as  previously 
described  (1,  2).  Table  1  gives  the  average  daily  urine  output,  specific  gravity 
of  the  urine  and  average  daily  fluid  intake  during  the  last  week  of  survival  of 
cats  D5,  D24  and  D37,  and  during  a  typical  week  in  the  case  of  Dl6.  As  can 
be  seen  from  the  table,  cats  D5  and  D37  developed  marked  polyurias  while 
those  of  Dl6  and  D24  were  more  moderate  in  intensity.  In  3  of  the  animals 
a  continuous  disturbance  of  water  metabolism  was  present  for  many  months, 
during  the  entire  post-operative  period  of  survival,  with  the  exception  of  the 
latent  period  preceding  the  onset  of  the  permanent  phase  of  the  polyuria.  The 
fourth  animal,  D37,  was  observed  for  a  shorter  period.  The  onset  and  de¬ 
velopment  of  the  diabetes  insipidus  in  these  animals  were  in  most  respects 
similar  to  those  reported  for  other  animals  elsewhere  (1,  2). 

After  the  period  of  observation  the  cats  were  killed  by  bleeding  and  the 
brains  removed  with  the  pituitaries  attached.  The  entire  hypophysis,  including 
the  stalk  and  pars  tuberalis,  was  then  cut  away  from  the  tuber  cinereum  and 
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immediately  placed  in  acetone.  The  time  elapsing  between  the  death  of  the 
animal  and  the  placing  of  the  gland  in  acetone  was  not  more  than  a  half  hour 
The  region  of  the  hypothalamus  was  then  removed  from  the  rest  of  the  brain, 
hardened  in  formalin,  sectioned  and  stained  with  cresyl  violet  for  cells  and 
by  Weil’s  method  for  myelin  sheaths. 

Extracts  were  prepared  from  each  individual  hypophysis  in  the  following 
manner.  The  glands  were  removed  from  the  acetone,  dried,  weighed  and 
pulverized.  The  powder  was  then  extracted  with  5  cc.  of  0.25  per  cent  acetic 
acid  by  heating  in  a  water  bath  brought  to  boiling  over  a  period  of  ^  hour 
After  slow  cooling  the  solid  residue  was  centrifuged  out.  Any  active  principle 
which  might  have  been  dissolved  in  the  large  excess  of  acetone  used  for 
desiccation  was  preserved  by  evaporating  the  acetone  and  dissolving  the  soluble 
portion  of  the  residue  left  in  the  0.25  per  cent  acetic  acid  used  in  extracting 
the  pituitary.  The  final  volume  of  the  extract  was  adjusted  to  5  cc.  in  the  case 
of  the  glands  from  D5,  Dl6  and  normal  cats  1  and  2,  to  1.8  cc.  in  the  case 
of  D37  and  normal  cat  3  and  to  1.9  cc.  for  D24. 


Table  1.  Average  daily  urine  output,  specific  gravity  of  the  urine  and  fluid  intake 

DURING  PERIOD  OF  1  WEEK  FOR  CATS  WITH  DIABETES  INSIPIDUS. 


Cat  No. 

Length  of 

Survival 

Months 

Average  Daily 
Urine  Output 
cc. 

Average  Daily 
Fluid  Intake 
cc. 

Average  Daily- 
Specific  Gravity 
of  Urine 

D5 

7.5 

430 

381 

1.011 

D16 

7.0 

297 

316 

1.008 

D24 

7.5 

293 

243 

1.016 

D37 

2.8 

425 

418 

1.011 

All  the  glands,  the  4  atrophic  and  the  3  normal,  were  assayed  for  their 
pressor  and  oxytocic  activity.  Antidiuretic  assays  were  made  only  for  cats  D24, 
D37  and  normal  cat  3.  The  methods  used  for  the  oxytocic  and  pressor  assays 
will  be  found  described  in  considerable  detail  in  an  article  by  Kamm,  Aldrich, 
Grote,  Rowe  and  Bugbee  (6).  The  antidiuretic  assay  was  performed  on  mice 
using  a  modification  of  the  procedure  initially  described  by  Gibbs  ( 7 ) . 

RESULTS 

The  results  of  the  assays  are  summarized  in  table  2.  The  percentage  potency 
which  is  indicated  in  column  4  depends  upon  the  amount  of  solution  prepared 
(column  3).  The  standard  of  reference  for  such  solutions  in  the  case  of  the 
oxytocic  assays  is  the  U.S.P.  standard,  which  calls  for  10  U.  per  cc.  There  is 
no  official  standard  for  pressor  activity,  but  the  pressor  unit  has  been  defined 
here  as  the  amount  of  activity  which  is  associated  with  1  oxytocic  unit  in  the 
U.S.P.  standard  powder.  A  solution  which  tests  10  pressor  units  per  cc.  thus 
is  reported  as  100  per  cent  of  standard.  The  antidiuretic  unit  is  defined  as  thi^ 
amount  of  activity  present  in  0.5  mg.  of  the  U.S.  standard  powdered  pituitan 
this  unofficial  unit  being  devised  in  accordance  with  the  proposal  advanced  for 
the  pressor  unit  (8). 

Under  the  columns  headed  'number  of  units’  the  potency  of  the  whoU 
gland  in  pressor,  oxytocic  and  antidiuretic  activity  has  been  calculated.  Thes> 
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results  were  clear-cut.  Whereas  the  normal  glands  contained  7.5,  6.0  and  5.4 
pressor  units  respectively  and  2.5,  3.5.  and  2.2  oxytocic  units,  the  atrophic 
glands  were  foimd  to  be  practically  inactive.  Thus,  the  glands  of  D5  and  Dl6 
contained  less  than  0.25  U.  of  either  pressor  or  oxytocic  substance,  that  of 
D24  less  than  0.39  pressor  units  and  less  than  0.19  oxytocic  units,  while  that 
of  D37  had  less  than  0.36  pressor  units  and  less  than  0.18  oxytocic  units. 

A  similar  marked  diminution  was  found  in  the  antidiuretic  activity  of  the 
atrophic  glands.  The  gland  of  normal  cat  3  was  found  to  contain  4.0  anti¬ 
diuretic  units,  while  those  of  D24  and  D37  contained  less  than  0.23  and 
0.29  U.  respectively.  The  antidiuretic  assay  already  referred  to  is  that  used 
in  the  Parke-Davis  Research  Laboratory.  It  is  reasonably  accurate  when  due 


Table  2.  The  content  of  3  normal  and  4  atrophic  pituitaries  in  pressor,  oxytocic  and 

ANTIDIURETIC  ACTIVITIES. 


Cat  No. 

Dry 

Weight 

mg. 

Vol.  of 
Extract 
cc. 

Pressor  Assay 

Oxytocic  Assay 

Antidiuretic  Assay 

Per  Cent 
of 

Standard 

No.  of 
Units 

Per  Cent 
of 

Standard 

No.  of 
Units 

' 

Per  Cent 
of 

Standard 

No.  of 
Units 

Normal  Glands 

1 

8.29 

5.0 

15 

7.5 

5 

2.5 

2 

6.26 

5.0 

12 

6.0 

7 

3.5 

3 

8.71 

1.8 

30 

5.4 

12 

2.2 

15-30 

4.0 

Atrophic  Glands 


D5 

5.55 

5.0 

<0.5 

<0.25 

<0.5 

<0.25 

D16 

5.67 

5.0 

<0.5 

<0.25 

<0.5 

<0.25 

D24 

6.37 

1.9 

<2.0 

<0.39 

<1.0 

<0.19 

<1.2 

<0.23 

D37 

7.26 

1.8 

<2.0 

<0.36 

<1.0 

<0.18 

<1.6 

<0.29 

precautions  are  observed,  especially  in  respect  to  temperature  control  and  the 
use  of  a  fairly  large  number  of  animals.  The  mouse,  unfortunately,  requires 
a  relatively  large  dose  so  that  only  a  smaller  number  of  animals  could  be  run 
on  the  amount  of  extract  available  from  an  individual  gland. 

DISCUSSION 

These  results,  together  with  those  previously  published  (1,  2,  3,  4)  and 
briefly  summarized  in  the  first  paragraph  of  this  paper,  would  appear  to  prove 
two  things.  First,  they  indicate  that  in  diabetes  insipidus  there  is  a  marked 
diminution  or  total  abolition  of  the  antidiuretic  principle  in  the  animal  organ¬ 
ism.  It  has  been  shown  that  the  only  lesions  of  the  hypothalamus  which  pro¬ 
duce  diabetes  insipidus  are  those  which  result  in  an  atrophy  of  the  posterior 
lobe.  A  deficiency  in  the  secretion  of  the  antidiuretic  principle  by  the  posterior 
lobe  can  reasonably  be  inferred  from  this  atrophy  alone.  That  the  latter  is  not 
an  accidental  circumstance  is  shown  further  by  the  results  reported  in  this 
paper,  which  indicate  clearly  that  the  degenerative  changes  in  the  pars  nervosa 
have  resulted  in  its  physiological  inactivity.  The  circle  of  evidence  in  favor  of 
the  deficiency  theory  of  diabetes  insipidus  is  finally  closed  by  the  well  known 
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fact  that  extracts  of  the  posterior  lobe  can  control  the  polyuria  and  polydipsia 
of  this  disorder. 

Secondly,  these  results  show  that,  not  only  is  the  secretion  of  the  anti¬ 
diuretic  principle  of  the  posterior  lobe  under  the  control  of  the  hypothalamico- 
hypophyseal  system,  but  also  the  secretion  of  the  pressor  and  oxytocic  com¬ 
ponents.  For  it  has  been  demonstrated  that  after  appropriate  damage  to  this 
system  these  components  can  no  longer  be  extracted  from  the  hypophysis  or  at 
best  are  present  in  extremely  minute  quantities. 

The  results  of  the  antidiuretic  assays  reported  here  are  confirmed  by  some 
preliminary  observations  we  have  made  using  a  different  type  of  assay.  An 
attempt  was  made  to  check  the  polyuria  and  polydipsia  of  a  diabetic  cat  with 
extracts  prepared  from  single  normal  cat  pituitaries.  The  method  used  in 
preparing  these  extracts  was  the  same  as  that  described  above.  On  two  differ¬ 
ent  occasions,  each  time  using  the  extract  of  a  single  cat  pituitary,  we  were 
able  to  bring  about  a  diminution  in  the  water  exchange  of  a  cat  with  polyuria 
(400-600  cc.  daily)  to  less  than  half.  On  the  other  hand,  with  a  similar  extract 
prepared  from  the  atrophic  gland  of  a  cat  with  a  500  cc.  polyuria  no  such 
marked  reduction  occurred. 

Since  the  glands  from  the  4  polyuric  cats  were  used  to  make  extracts,  it 
was,  of  course,  impossible  to  check  them  histologically  for  the  presence  of 
atrophy.  That  such  an  atrophy  was  present,  however  is  indicated  by  the  fol¬ 
lowing  observations.  First,  the  shrinkage  of  the  gland  is  marked  enough  so 
that  it  can  be  observed  grossly.  Secondly,  in  something  like  40  cats  in  which 
diabetes  insipidus  was  produced  in  the  same  manner  as  in  the  4  cats  used  in 
this  investigation  the  degenerative  changes  which  have  been  described  were 
always  observed  in  serial  sections  of  the  hypophysis.  And  thirdly,  in  the 
stained  sections  of  the  hypothalamus  of  each  of  these  4  animals,  lesions  were 
found  which  were  in  a  position  to  interrupt  the  supraoptico-hypophyseal  tracts; 
in  each  instance  there  was  marked  atrophy  of  the  supraoptic  nuclei. 

Many  investigators  have  favored  the  theory  that  diabetes  insipidus  is  due 
to  a  disturbance  of  the  secretion  of  the  antidiuretic  principle  by  the  posterior 
lobe  but  little  evidence  has  been  presented  in  proof  of  this  theory.  A  number 
of  workers  have  attempted  to  show  an  absence  of  the  posterior  lobe  hormones 
in  the  cisternal  fluid  of  patients  suffering  from  diabetes  insipidus  but  the  results 
from  this  line  of  attack  have  been  conflicting.  Further  doubt  has  been  thrown 
on  the  validity  of  this  method  of  procedure  by  the  inability  of  several  recent 
investigators  to  demonstrate  the  presence  of  the  pressor,  antidiuretic  and  oxy¬ 
tocic  components  of  the  post-pituitary  gland  in  the  cerebrospinal  fluid  of 
normal  individuals  9,  10.  From  the  positive  side,  Marx  (11)  was  able  to 
demonstrate  some  decrease  in  the  amount  of  antidiuretic  substance  in  the  blood 
of  a  patient  suffering  from  diabetes  insipidus. 

The  only  other  assays  of  single  cat  pituitaries  that  we  have  come  across 
have  been  reported  by  Simon  and  Kardos  (12).  Their  pressor  assays  are  in 
good  agreement  with  our  own,  the  number  of  units  in  the  glands  of  10  cats 
averaging  8.9.  They  report  that  in  the  different  animals  which  they  have 
studied,  the  rat,  guinea  pig,  rabbit,  and  cat,  the  pressor  and  oxytocic  contents 
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run  nearly  parallel.  Thus,  for  the  cat  their  oxytocic  assays  were  considerably 
higher  than  those  reported  here,  the  average  number  of  units  in  the  glands  of 
4  cats  being  6.9.  No  antidiuretic  assays  were  reported. 

It  should  be  noted  that  we  have  spoken  of  the  antidiuretic  and  pressor 
components  as  separate  principles.  It  is  well  known,  however,  that  the  anti¬ 
diuretic  effect  is  obtained  with  the  pressor  principle  and  recent  work  sug¬ 
gests  that  the  chief  function  of  the  latter  may  be  in  the  regulation  of  water 
metabolism.  Thus,  Stehle  (13)  was  able  to  obtain  antidiuretic  effects  with 
doses  of  pressor  substance  which  were  too  minute  to  give  a  pressor  action.  He 
makes  the  suggestion  that  the  function  of  the  pressor  principle  may  be  more 
concerned  with  water  metabolism  than  with  the  vascular  system.  Gelling  (14) 
has  pointed  out  that  in  man  therapeutic  doses  of  either  solutions  of  pituitary 
U.S.P.  or  of  pitressin  given  intramuscularly  or  subcutaneously  do  not  give  any 
significant  rise  of  blood  pressure  in  spite  of  the  marked  pallor,  which  would 
lead  one  to  infer  that  the  arterial  tension  is  elevated.  He  concludes  that  possibly 
the  pressor  component  acts  as  an  eflScient  regulator  of  the  exchange  of 
metabolites  between  the  blood  and  tissues  (capillary  hormone)  and  exercises 
a  renal  function.  Kamm  (15)  advises  us  that  his  study  of  the  antidiuretic 
activities  of  a  large  number  of  posterior  lobe  extracts,  including  crude  extracts, 
partially  purified  products,  and  pitressin  of  the  highest  purity,  has  shown 
that  the  pressor  assay  is  a  quantitative  measure  of  the  antidiuretic  activity  of  a 
given  product.  This  result  indicates  fairly  definitely  that  the  pressor  and  anti¬ 
diuretic  responses  are  two  physiological  effects  of  a  single  active  principle. 

The  results  reported  here  lend  no  support  to  the  theory  that  the  pars 
tuberalis  takes  over  the  antidiuretic  function  of  the  posterior  lobe  when  the 
latter  is  destroyed,  as  advocated  by  Frank  ( 16)  and  others.  As  has  been  noted, 
the  extracts  were  made  of  the  entire  hypophysis,  including  the  pars  tuberalis 
and  stalk,  but  in  spite  of  this  there  was  a  marked  decrease  or  total  abolition 
of  the  pressor-antidiuretic  activity. 

The  term  'posterior  lobe’  has  been  used  here  in  a  broad  way  to  include  the 
pars  nervosa  and  the  pars  intermedia.  The  problem  arises  as  to  the  site  of 
formation  of  the  pressor-antidiuretic  and  oxjiiocic  hormones.  Until  recently  a 
definite  solution  to  this  problem  was  not  forthcoming  because  in  most  mam¬ 
mals  the  pars  intermedia  surrounds  and  is  so  closely  adherent  to  the  pars 
nervosa  that  it  is  impossible  to  effect  a  complete  separation  between  them.  Be¬ 
cause  of  the  neural  origin  of  the  pars  nervosa  most  investigators  have  been 
reluctant  to  ascribe  a  secretory  function  to  it.  However,  DeLawder,  Tarr  and 
Gelling  (17)  and  Gelling  (18)  have  shown  that  in  forms  like  the  domestic 
fowl  and  in  the  finback  and  sperm  whales,  which  are  mammals,  and  which  do 
not  possess  a  pars  intermedia,  the  pressor-antidiuretic  and  oxytocic  components 
can  be  extracted  from  the  pars  nervosa.  In  the  atrophic  posterior  lobes  of 
polyuric  cats  we  have  always  been  impressed  by  the  fact  that  the  degenerative 
changes  appear  to  be  confined  exclusively  to  the  pars  nervosa,  the  pars  inter¬ 
media  being  histologically  normal.  It  is  true  that  a  number  of  investigators 
have  reported  that  some  of  the  fibers  from  the  supraoptico-hypophyseal  tracts 
penetrate  into  the  pars  intermedia,  but  in  our  experience  the  number  of  these 
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is  very  small.  As  Gelling  (18)  has  pointed  out,  the  simplest  explanation  in 
harmony  with  the  facts  is  that  the  pressor,  antidiuretic  and  oxytocic  components 
are  formed  by  the  intrinsic  elements  of  the  neural  lobe,  even  though  none  of 
its  structures,  with  the  exception  perhaps  of  the  pituicytes,  are  regarded  as 
secreting  elements  in  the  ordinary  sense.  And  in  this  connection  it  is  important 
to  note  that  the  pituicytes  appear  to  have  undergone  degeneration  in  the  non¬ 
functional,  atrophic  pars  nervosa  which  results  from  interruption  of  the  supra- 
optico-hypophyseal  tracts. 

In  his  recent  summary  article  on  the  posterior  lobe,  Gelling  (14)  has  re¬ 
marked  that  in  spite  of  the  huge  volume  of  work  on  the  posterior  lobe 
secretion  one  cannot  assign  with  certainty  any  specific  physiologic  role  in  the 
animal  economy  to  this  potent  autopharmacologic  agent.  We  believe  that  the 
function  of  checking  the  flow  of  water  from  the  animal  organism  can  be 
assigned  to  the  pars  nervosa  with  impunity  and  a  fair  amount  of  certainty  on 
the  basis  of  the  results  reported  here  and  in  previous  articles. 


SUMMARY 

The  results  of  assays  carried  out  on  the  atrophic  post-pituitaries  of  4  cats 
suffering  from  diabetes  insipidus  and  3  normal  cats  are  reported.  These  re¬ 
sults  indicated  that  the  atrophic  glands  were  practically  free  of  antidiuretic, 
pressor  and  oxytocic  activity.  The  relationship  of  these  findings  to  the  de¬ 
ficiency  theory  of  diabetes  insipidus  and  to  the  control  of  the  secretory  activity 
of  the  posterior  lobe  by  the  hypothalamus  is  discussed.  It  is  concluded  that  in 
diabetes  insipidus  there  is  a  deficiency  of  the  secretion  of  the  antiduretic  prin¬ 
ciple  and  that  the  elaboration  of  this  component,  as  well  as  of  the  pressor  and 
oxytocic  components,  is  under  the  control  of  the  supraoptico-hypophyseal 
system. 
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THE  ENDOMETRIUM  IN  "ENDOMETRIAL  HYPERPLASIA” 
AFTER  THERAPY^ 

E.  C.  HAMBLEN 

Department  of  Obstetrics  and  Gynecology,  Duke  University  School  of  Medicine 
DURHAM,  NORTH  CAROLINA 

Functional  meno-metrorrhagia  in  adolescent  girls  and  in  young  women 
often  presents  a  difficult  clinical  problem  to  the  gynecologist  who  is  charged 
with  the  responsibility  of  effective  conservative  therapy  which  avoids  any 
possible  impairment  of  the  sexual  and  procreative  functions  of  his  patient. 
At  times  the  radical  measures  of  hysterectomy  or  large  doses  of  x-ray  or 
radium  seem  imperative  to  prevent  exsanguination.  A  few  fatal  cases  have 
been  reported.  Recently,  we  have  encountered  such  a  case  in  a  colored  girl, 
aged  1 5  years  ( 1 ) .  A  reliable  yet  innocuous  method  of  curative  therapy  would 
fulfill  a  long  awaited  need. 

As  the  active  endocrinal  preparations,  which  have  resulted  from  the  in¬ 
tensive  research  work  of  the  past  decade,  have  become  available  to  the  clinical 
gynecologist,  application  of  certain  of  these  to  the  treatment  of  such  patients 
has  been  studied.  As  we  have  indicated  in  previous  reports  (2,3,4),  there 
has  been  no  unanimity  of  opinion  as  to  the  merits  of  such  therapy.  Most  of 
these  studies  have  been  concerned  with  the  anterior  pituitary-like  principle  of 
pregnancy  urine  (APL/PU).  We  (4),  as  well  as  others,  have  emphasized 
that,  despite  remissions  of  excessive  bleeding  and  even  the  occurrence  of 
regular  bleeding  following  such  treatments,  the  assumption  is  not  warranted 
that  the  underlying  ovarian  and  endometrial  pathology  has  been  corrected. 
The  use  of  estrin  has  been  avoided  rather  generally  in  this  condition  and  the 
majority  of  clinicians,  as  we  have  noted  previously  (4),  have  warned  against 
its  employment.  The  assumption  that  the  vast  majority  of  such  bleeding  was 
due  to  endometrial  hyperplasia,  which  is  apparently  due  to  a  phase  of  pro¬ 
longed  estrin  action,  no  doubt  was  responsible  for  this  attitude.  Progestin  has 
been  awaited  anxiously  with  the  anticipation  that  it  would  be  of  therapeutic 
value. 

This  report  concerns  the  endometrial  changes  observed  in  functional 
meno-metrorrhagia  following  therapy  with  large  doses  of  progestin  and  of 
estrin  and  progestin. 

PATHOLOGY  OF  FUNCTIONAL  MENO-METRORRHAGIA 

The  term  hyperplasia  of  the  endometrium  which  was  first  used  by  Cullen  (5)  to 
characterize  the  endometrium  in  certain  cases  of  functional  bleeding  has  been  used 

*  Part  of  the  expense  incurred  in  these  studies  was  defrayed  by  a  grant  from  the  Research  Council 
of  Duke  University. 
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rather  generally  to  apply  to  all  instances  in  which  bleeding  occurred  from  an  estrin 
type  of  endometrium  often  being  employed  synonymously  with  aluteal  or  anovulatory 
bleeding.  While  our  knowledge  of  the  phenomena  of  menstruation  is  far  from 
complete,  much  valuable  information  concerning  the  associated  changes  has  accrued 
from  the  excellent  work  of  Bartelmez  (6)  and  of  Markee  (7).  Our  information 
concerning  the  functional  histo-pathology  and  pathological  physiology  of  functional 
uterine  bleeding  is  rather  fragmentary.  It  has  been  proven  quite  conclusively,  how¬ 
ever,  by  the  studies  of  Schroder  (8),  Cullen  (5),  Novak  (9),  and  Burch  (10) 
that  in  this  condition  bleeding  occurs  from  an  estrin  type  of  endometrium  and  in 
the  absence  of  corpora  lutea  in  the  ovaries.  Recent  studies  by  Traut  and  Kuder  (11) 
are  concerned  with  progestational  types  of  functional  bleeding.  They  attach  patho¬ 
logical  significance  to  a  process  of  irregular  ripening  which  results  perhaps  in  irregu¬ 
lar  tissue  shedding  associated  with  attendant  prolonged  or  excessive  bleeding  from  an 
endometrium  exhibiting  patchy  progestational  proliferation.  Herrell  and  Broders 
(12)  are  of  the  opinion  that  the  term  endometrial  hyperplasia  is  misapplied  in  many 
instances  of  functional  meno-metrorrhagia  where  the  endometrium  is  in  the  estrin 
phase.  They  believe  that  in  many  cases  there  is  little  or  no  evidence  of  endometrial 
hypertrophy  in  the  strict  sense  of  the  term.  Bleeding  in  many  such  cases  occurs  from 
persistent  estrin  or  proliferative  stages. 

For  the  past  2  years  we  have  engaged  in  a  clinico-pathological  study  of 
358  consecutive  patients  with  functional  irregularities  of  the  menstrual  cycle. 
We  have  correlated  clinical  data,  reviewed  and  examined  all  available  endo¬ 
metrial  specimens  secured  by  hysterectomy,  curettage  and  biopsy.  Ovarian 
tissue  has  been  studied  when  available.  The  clinical  response  to  various  types 
of  treatment  has  been  considered.  Where  the  follow-up  records  were  not 
adequate,  questionnaires  were  employed. 

It  was  recognized  at  an  early  stage  of  these  studies  that  a  clinical  classifi¬ 
cation  of  functional  irregularities  of  the  menstrual  cycle  which  emphasized 
etiology  and  which  was  in  harmony  with  the  present  concepts  of  the  histology, 
physiology  and  hormonology  of  menstruation  was  desirable.  We  have  at¬ 
tempted  to  supply  such  a  classification.  As  the  basis  of  this  classification  we 
have  accepted  the  theory  that  menstrual  bleeding  occurs  during  cyclic  phases 
of  relative  estrin  deficiency.  We  have  assumed  that,  likewise,  irregular  and 
often  acyclic  phases  of  relative  estrin  deficiency  occur  resulting  in  the  bleeding 
stages  of  the  various  functional  irregularities  of  the  menstrual  cycle.  These 
bleeding  phases  may  be  characterized  by  normal  tissue  shedding,  by  irregular 
or  partial  tissue  shedding  or  by  no  tissue  loss. 

Four  general  endometrial  patterns  have  been  observed  to  be  associated 
with  bleeding  during  the  estrin  phase.  Variations  in  estrin  action  have  been 
assumed  to  explain  these  patterns.  The  atrophic  endometrium,  commonly 
occurring  after  menopause,  may  be  observed  in  some  younger  patients.  It  is 
attributed  to  a  hypoestrin  or  an  anestrin  phase.  Severe  hemorrhage  has  occurred 
from  such  a  pattern.  Bleeding  is  observed  at  times  from  an  endometrium, 
histologically  similar  to  the  usual  early  or  late  estrin  phase.  Such  bleeding  is 
interpreted  as  resulting  from  an  arrest  of  this  estrin  action.  A  general  pattern 
which  shows  considerable  individual  variations  has  been  attributed  to  a  phase 
of  irregular  estrin  action.  Where  moderate  disparity  in  the  degree  of  dilatation 
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of  the  glands  occurs,  this  type  of  endometrium  is  often  referred  to  as  endo¬ 
metrial  hyperplasia;  as  a  matter  of  fact,  there  is  no  actual  evidence  of  prolifer¬ 
ation  or  hypertrophy  in  these  cases  and  we  believe  the  concept  of  hyperplasia 
is  erroneous.  In  other  instances,  the  appearance  of  different  areas  of  the 
endometrium  varies;  there  may  be  observed  local  areas  of  fibrosis  or  of  atrophy. 
Bleeding  is  attributed  to  an  arrest  of  this  irregular  estrin  action.  The  typical 
pattern  of  endometrial  hyperplasia,  including  both  the  cystic  and  the  relatively 
non-cystic  types,  has  been  attributed  to  a  phase  of  prolonged  and  acyclic  estrin 
action.  Bleeding  phases  result  from  all  these  patterns  when  the  estrin  action 
is  arrested  and  the  estrin  level  becomes  depressed  to  such  extent  that  further 
proliferation  and  growth  cannot  be  maintained.  Bleeding  in  general  is  not 
characterized  by  tissue  loss.  The  return  of  an  adequate  estrin  level  results  in  a 
non-bleeding  phase  which  does  not  differ  histologically  from  the  bleeding 
phase. 

Four  general  endometrial  patterns  have  been  observed  also  to  be  associated 
with  bleeding  in  the  progestational  phase.  Two  of  these  exhibit  patchy  and 
localized  distribution  of  progestational  reaction.  In  one  of  these  patterns,  the 
predominant  configuration  is  similar  to  that  observed  in  the  type  attributed  to 
a  phase  of  irregular  estrin  action.  This  pattern  is  assumed  to  result  from  a 
progestational  response  following  an  antecedent  phase  of  irregular  estrin 
action.  In  the  other  pattern,  the  greater  portion  of  the  endometrium  is  charac¬ 
teristic  of  endometrial  hyperplasia.  This  pattern  is  attributed  to  a  progesta¬ 
tional  response  following  a  phase  of  prolonged  and  acyclic  estrin  action.  Both 
of  these  patterns  represent  a  process  of  'irregular  ripening.’  Bleeding  results 
from  an  arrest  in  the  estrin  action.  Bleeding  from  these  two  patterns  may 
occur  without  appreciable  tissue  loss  or  with  irregular  tissue  shedding  or  with 
the  usual  tissue  loss.  The  latter  two  variations  account  for  the  remaining  two 
patterns.  The  last  type  does  not  differ  histologically  from  the  menstruating 
endometrium. 

Such  concepts  of  the  etiologic  factors  in  the  production  of  the  various 
endometrial  patterns  suggest  obvious  individual  differences  in  amenability  to 
endocrinal  therapy.  The  employment  of  estrin  to  convert  a  pattern  from  a 
bleeding  to  a  non-bleeding  phase  seems  logical.  Furthermore,  the  use  primarily 
of  estrin  in  the  treatment  of  the  atrophic  endometrium  appears  rational. 

When  our  358  patients  were  classified  according  to  this  system  after 
having  been  divided  into  two  general  groups  depending  upon  whether  the 
patient  was  in  the  bleeding  or  the  non-bleeding  phase  when  the  specimen  of 
endometrium  was  obtained,  the  following  data  were  secured. 

The  endometrium  in  172  patients  with  junctional  meno-metrorrhagia  (specimen  ob¬ 


tained  during  the  bleeding  phase). 

I.  Bleeding  in  estrin  phase 
A.  Without  appreciable  tissues  loss 

1.  Hypoestrin  or  anestrin  phase  (atrophic  or  senile  type)  .  38 

2.  Regular  estrin  j^ase  (interval  endometrium,  includes  ovulational  bleeding) ...  6 

3.  Phase  of  irregular  estrin  action  (persistent  proliferative  stage)  .  34 

4.  Phase  of  prolonged  acyclic  estrin  action  (aluteal  or  interval  hyperplasia)  _  68 

II.  Bleeding  in  progestational  phase 

A.  Widiout  appreciable  tissue  loss 

3.  Progestational  phase  following  irregular  estrin  action  .  3 

6.  Progestational  phase  following  prolonged  acyclic  estrin  action .  4 
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B.  7.  Progestational  bleeding  phase  with  irregular  or  incomplete  tissue  shedding. ...  g 

C.  8.  Progestational  bleeding  phase  with  usual  tissue  loss  (menstrual  phase) .  9 


The  endometrium  in  186  patients  with  history  of  amenorrhea  or  functional  meno-metror- 


rhagia  (specimen  obtained  during  non-bleeding  phase), 

Hypoestrin  or  anestrin  phase .  38 

Regular  estrin  phase .  10 

Phase  of  irregular  estrin  action .  60 

Phase  of  prolonged  acyclic  estrin  action .  34 

Progestational  phase  following  irregular  estrin  action  .  33 

Progestational  phase  following  prolonged  acyclic  estrin  action .  9 


It  is  observed  from  these  data  that  146  of  our  172  patients  with  functional 
meno-metrorrhagia  were  bleeding  from  an  estrin  type  of  endometrium. 


STUDIES  OF  QUANTITATIVE  REQUIREMENTS 

A  review  of  pertinent  information  obtained  following  critical  studies  of  the 
action  of  certain  endocrine  preparations  upon  the  human  ovary  and  endometrium 
seems  indicated.  We  have  reported  in  previous  communications  (2,  3,  4)  that  we 
were  unable  to  observe  either  ovarian  changes  characterized  by  ovulation  and  corpus 
luteum  formation  or  progestational  changes  in  the  endometrium  following  relatively 
large  doses  of  APL/PU  in  patients  under  32  years  of  age  who  demonstrated  an 
endometrial  pattern  of  'swiss-cheese’  hyperplasia.  The  administration  of  as  much  as 
8200  R.U.  of  APL/PU  in  a  girl  aged  20  years  over  a  period  of  9  days  failed  to 
produce  any  such  effects.  In  similar  cases  following  the  administration  of  an  extract 
of  anterior  lobe  of  pituitary  containing  the  gonadotropic  principle  we  were  unable 
likewise  to  observe  any  such  changes  (13).  Here,  however,  our  dosage  was  small 
due  to  the  low  concentration  of  the  extract.  The  results  of  these  studies  have  led  us 
to  believe  that  the  beneficial  clinical  results  which  have  been  reported  following  such 
therapy  are  to  be  accounted  for  by  changes  induced  in  the  estrin  level  as  a  result  of 
granulosa  proliferation.  It  seems  difiEicult  to  explain  any  such  clinical  response  on 
the  basis  of  changes  induced  in  certain  of  the  bleeding  factors,  since  we  have  been 
unable  to  find  any  significant  changes  in  the  studies  of  blood  calcium,  phosphorus, 
fibrinogen  and  cholesterol,  of  platelets,  and  of  bleeding,  clotting,  calcium  and  pro¬ 
thrombin  times  before  and  after  various  types  of  therapy  (14).  In  a  communication 
(4)  which  dealt  with  studies  of  the  endometrium  obtained  by  the  punch  biopsy 
method  following  various  types  of  therapy  in  patients  between  14  and  34  years  of 
age  who  were  experiencing  prolonged  or  excessive  uterine  bleeding  and  whose  endo¬ 
metriums  showed  typical  "swiss-cheese*  patterns,  we  reported  that  we  were  unable  to 
find  any  evidence  of  progestational  reaction  following  therapy  distributed  as  follows: 
APL/PU,  10  patients;  APE,  6  patients;  moccasin  venom,  7  patients;  and  thyroid 
extract,  2  patients. 

There  is  general  agreement  that  estrin  is  capable  of  producing  definite  prolifera¬ 
tive  changes  in  the  atrophic  endometrium  of  the  castrate.  Wemer  and  Collier  (15) 
found  that  a  proliferative  endometrium  could  be  produced  following  the  administra¬ 
tion  of  2800  R.U.  of  ketohydroxyestrin  over  a  period  of  14  days  or  longer  in  the 
human  castrate.  From  such  an  endometrium  ble^ing  subsequently  occurred.  Elden 
(16)  has  observed  that  the  administration  of  30,000  R.U.  of  benzoic  acid  ester  of 
dihydroestrin  over  a  period  of  10  days  produced  a  mid-interval  endometrium  in  the 
castrate  but  that  bleeding  did  not  follow  cessation  of  administration.  However,  the 
administration  of  50,000  R.U.  of  the  benzoic  acid  ester  of  dihydroestrin  over  a  period 
of  15  days  produced  a  late  interval  endometrium  and  subsequent  bleeding. 

In  regard  to  progestin  (or  crystalline  progesterone)  the  experimental  data  con- 
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flict  somewhat.  Kaufmann  (17)  observed  that  when  42,000  R.U.  of  benzoic  acid 
ester  of  dihydroestrin  was  administered  to  a  castrate  over  a  period  of  21  days  and 
was  followed  by  35  Rb.U.  (Clauberg  units)  of  progestin  over  a  period  of  7  days, 
an  initiation  of  bleeding  from  a  progestational  type  of  endometrium  occurred.  This 
work  indicates  that  estrin  when  followed  by  progestin  is  able  to  substitute  as  regards 
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Chart  I.  Menstrual  charts  and  records  of  therapy,  biopsies  and  curettements  in  cases  1,  2,  3,  4,  and 
5.  Case  1,  S.  G.,  white,  age  30  years,  para  0-0-0,  had  had  prolonged,  excessive  uterine  bleeding  with 
varying  periods  of  amenorrhea  for  254  years.  Case  2,  A.  W.,  white,  age  23  years,  para  1-0-0,  had  had 
irregular  periods  of  amenorrhea  for  4  years.  Her  first  prolonged  and  excessive  episode  of  bleeding 
occurred  in  March.  Case  },  T.  H.,  colored,  age  26  years,  para  1-1-0,  had  had  prolonged  excessive  uterine 
bleeding  with  varying  periods  of  amenorrhea  for  5  years.  The  prolonged  bleeding  which  occurred  in 
March  had  been  preceded  by  4  months  of  amenorrhea.  Case  4,  R.  W.  white,  age  17  years,  single,  had 
had  prolonged  excessive  bleeding  with  varying  intervals  of  amenorrhea  since  menarche  at  the  age  of  13 
years.  At  the  time  of  admission,  March  4,  she  was  bleeding  excessively  and  her  hemoglobin  was  31  per 
cent  with  a  red  cell  count  of  1,770,000.  Case  5,  H.  P.,  white,  age  15  years,  single,  had  had  prolonged 
excessive  uterine  bleeding  with  varying  intervals  of  amenorrhea  for  6  months  prior  to  the  period  covered 
by  the  menstrual  chart. 


endometrial  proliferation  for  the  secretion  of  a  normal  ovary.  Similar  results  were 
reported  by  Clauberg  (18).  Elden  (16),  however,  was  unable  to  confirm  the  work 
of  Kaufmann  and  Clauberg.  He  found  that  progestational  changes  could  not  be 
produced  in  5  human  castrates  after  administration  of  50,000  R.U.  of  benzoic  acid 
ester  of  dihydroestrin  over  periods  of  15  days  followed  by  12  to  60  Rb.U.  (Allen  and 
Corner  units)  of  progestin  over  periods  of  1  to  6  days.  While  bleeding  resulted 
in  all  instances  within  an  average  interval  of  9  days  after  the  last  estrin  injection, 
such  bleeding  occurred  from  an  estrin  type  of  endometrium. 
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Fig.  1.  Photomicrographs  of  endometrial  specimens,  case  1. 

DATA  AND  ANALYSIS  OF  FINDINGS 

This  report  is  concerned  with  the  study  of  the  endometrium  in  8  patients 
whose  ages  varied  from  15  years  to  30  years.  The  endometrium  prior  to  the 


Fig.  2.  Photomicrographs  of  endometrial  specimens.  Case  2, 


Fig.  4.  Photomicrographs  of  endometrial  specimens,  case  4. 
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Fig.  3.  Photomicrographs  of  endometrial  specimens,  case  3. 


institution  of  therapy  showed  either  a  phase  of  prolonged  acyclic  estrin  action 
or  a  phase  of  irregular  estrin  action.  The  specimens  of  endometrium  were 
obtained  by  the  employment  of  the  punch  biopsy  forceps  devised  by  Burch. 
Such  a  method  allows  small  portions  of  endometrium  to  be  removed  for  study 
with  the  minimum  amount  of  traumatism  to  the  remaining  endometrium  and 
offers,  in  our  opinion,  the  best  method  of  critical  evaluation  of  endometrial 
changes  during  therapy.  The  tissue  obtained  was  fixed  in  10  per  cent  formalin 
and  stained  with  hematoxylin  and  eosin. 

In  3  of  these  8  cases  the  total  amount  of  progestin  employed  was  small 
(less  than  5  Clauberg  units)  due  to  the  scarcity  of  the  principle  available  and 
due  to  the  lack  of  concentration  of  the  preparation,  and  an  analysis  of  our 
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results  in  these  3  cases  does  not  appear  warranted.  The  data  in  the  oth.  r  5 
cases  are  presented  graphically  in  Chart  I. 

In  the  menstrual  records  presented  in  this  chart  endometrial  biopsis  are 


Fig.  5.  Photomicrographs  of  endometrial  specimens,  case  5. 


designated  by  B  and  the  curettements  by  C.  It  will  be  observed  that  in  all  5 
of  these  cases  the  tissue  following  the  conclusion  of  therapy  was  obtained  by 
curettage  in  order  that  as  much  endometrium  as  possible  would  be  availabU  for 
study.  An  increase  in  the  amount  of  bleeding  during  or  following  therap'  or 
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a  return  of  bleeding  after  therapy  determined  the  time  of  this  curettement. 
Since  these  curettements  were  done,  no  inferences  may  be  drawn  as  to  the 
permanency  of  the  eflFects  of  such  therapy  except,  perhaps,  in  case  5  where 
there  was  a  return  of  irregular  bleeding  despite  therapy  and  currettage. 

The  endometrial  findings  observed  following  the  various  biopsies  and 
curettements  are  presented  in  figures  1  to  5.  Progestin  alone  was  employed  in 
cases  1  and  2;  a  total  dosage  of  20  international  imits  was  given  in  each 
instance.  The  endometrium  in  case  1  showed  an  arrested  phase  of  prolonged 
acycylic  estrin  action  (Cl  and  B)  prior  to  the  initiation  of  therapy  and  there 
was  active  bleeding  without  any  appreciable  tissue  loss.  Bleeding  increased 
despite  therapy  and  curettage  was  done  four  days  after  the  last  progestin 
injection.  A  very  small  amount  of  tissue  was  obtained.  Microscopic  examina¬ 
tion  of  this  tissue  (C2)  showed  definite  tissue  loss  without  any  evidence  of 
progestational  proliferation. 

The  endometrium  in  case  2  prior  to  institution  of  therapy  showed  an 
arrested  phase  of  irregular  estrin  action  (B)  with  active  bleeding  without 
appreciable  tissue  loss.  As  in  case  1,  there  was  observed  a  definite  increase  in 
the  amount  of  bleeding  following  and  during  the  progestin  therapy.  Curettage 
was  done  2  days  following  the  last  progestin  injection  and  a  relatively  small 
amount  of  tissue  was  obtained.  Examination  of  this  tissue  (C)  showed  slight 
irregular  tissue  loss.  Some  of  the  glands  manifested  a  suggestive  early  pro¬ 
gestational  change. 

In  case  3  there  was  active  bleeding  from  an  endometrium  showing  an 
arrested  phase  of  irregular  estrin  action  {Bl).  No  appreciable  tissue  loss  was 
observed.  Benzoic  acid  ester  of  dihydroestrin  was  administered  in  doses  of 
4000  R.U.  daily  for  7  days.  Bleeding  promptly  decreased  in  amount  and 
ceased  on  the  7th  day.  The  endometrium  following  this  therapy  showed  a 
late  estrin  phase  with  a  disappearance  of  the  very  dense  stroma  {B2)  observed 
at  the  first  biopsy.  Progestin  administration  was  started  on  the  last  day  of  the 
estrin  therapy  and  was  continued  for  5  days  imtil  a  total  of  23  international 
units  was  given.  Bleeding  recurred  during  the  last  2  days  of  progestin  therapy 
(3  days  following  the  cessation  of  estrin  therapy).  Curettage  was  done  4  days 
following  the  conclusion  of  progestin  therapy  and  yielded  a  small  amount  of 
tissue  which  showed  obvious  tissue  loss  and  a  few  glands  questionably  of 
progestational  type  were  observed  (C). 

The  endometrium  in  case  4,  prior  to  therapy,  showed  an  arrested  phase 
of  prolonged  acyclic  estrin  action  with  active  bleeding  and  no  appreciable 
tissue  loss  {Bl).  The  therapy  employed  comprised  the  combined  administra¬ 
tion  of  2,000  R.U.  of  benzoic  acid  ester  of  dihydroestrin  and  of  5  international 
units  of  progestin  daily  for  4  days  and  subsequent  use  of  3  international  units 
of  progestin  daily  for  the  next  6  days.  The  total  amount  of  progestin  employed 
was  38  international  units.  Bleeding  ceased  after  the  first  day  of  therapy.  Five 
days  later  the  patient  had  slight  bleeding  for  24  hours.  This  was  followed  by 
slight  but  continued  bleeding  2  days  later  despite  continued  administration  of 
progestin.  The  endometrium,  4  days  after  cessation  of  estrin  therapy,  showed 
a  patchy  progestational  response  in  a  pattern  predominantly  characteristic  of 
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prolonged,  acyclic  estrin  action  (B2).  Some  of  the  progestational  glands  con¬ 
tained  a  small  amount  of  recent  hemorrhage.  The  endometrium  obtained  at  the 
conclusion  of  the  therapy  was  small  in  amount,  and  exhibited  tissue  loss  and 
progestational  reaction  (C)  similar  to  a  menstruating  endometrium. 

The  endometrium  in  case  5  prior  to  therapy  {Cl)  showed  an  arrested 
phase  of  prolonged  acyclic  estrin  action  associated  with  active  bleeding  and 
no  apparent  tissue  loss.  Despite  APE  therapy  for  3  months,  prolonged  acyclic 
bleeding  recurred,  the  endometrium  {Bl)  exhibiting  an  arrested  phase  of 
irregular  estrin  action  and  the  absence  of  appreciable  tissue  loss.  Therapy 
instituted  at  this  time  comprised  the  administration  of  18,000  R.U.  of  estrin 
and  of  25  international  units  of  progestin  over  a  period  of  8  days.  Progestin 
injections  were  started  on  the  3rd  day  of  the  estrin  therapy.  Bleeding  promptly 
decreased  in  amount  and  ceased  completely  on  the  7th  day  of  treatment.  The 
endometrium  3  days  later  {C2)  exhibited  a  phase  of  irregular  estrin  action 
with  some  beginning  tissue  loss  and  a  moderate  hemorrhagic  infiltration  of 
the  stroma.  Eight  days  later  the  patient  received  2,000  R.U.  of  benzoic  acid 
ester  of  dihydroestrin  daily  for  10  days,  followed  by  the  administration  of 
35  international  units  of  progestin  over  a  period  of  the  ensuing  7  days.  The 
endometrium  on  the  3rd  day  of  the  progestin  injections  {B2)  showed  a 
phase  of  irregular  estrin  action.  A  period  of  moderate  bleeding  of  5  days’ 
duration  began  7  days  later.  The  endometrium  (B3)  26  days  following  the 
onset  of  this  bleeding  and  subsequent  to  another  series  of  estrin  and  progestin 
(30  international  units)  exhibited  a  progestational  phase  following  a  phase 
of  irregular  estrin  action.  Two  days  later  bleeding  of  moderate  amount  began 
and  lasted  5  days.  Despite  APE  therapy,  no  further  bleeding  occurred  and 
the  endometrium  {B4)  2  months  later  exhibited  a  phase  of  irregular  estrin 
action. 

DISCUSSION 

Two  apparent  endometrial  changes  have  been  observed  following  pro¬ 
gestin  therapy:  one,  following  progestin  alone,  in  which  there  occurs  tissue 
shedding  without  progestational  reaction  and  associated  with  increased  bleed¬ 
ing;  the  other,  following  estrin  and  progestin  exhibition,  is  characterized  by 
a  cessation  of  bleeding  with  subsequent  resumption  of  bleeding  from  an  endo¬ 
metrium  showing  patchy  progestational  proliferation  and  tissue  shedding.  One 
may  only  theorize  as  to  the  mechanism  of  production  of  the  apparent  effects 
of  progestin  employment  alone.  It  is  possible  that  its  exhibition  during  a 
phase  of  relative  estrin  deficiency  might  depress  still  further  the  estrin  level 
and  thus  induce  the  observed  changes  of  increased  bleeding  and  of  shedding 
of  an  estrin-type  endometrium. 

The  prompt  cessation  of  bleeding  following  estrin  and  progestin  therapy 
is  attributed  to  the  eflFect  of  the  increase  in  estrin  level.  An  endometrium  under 
such  estrin  influence  is  then  capable  of  responding  to  progestin.  The  sub¬ 
sequent  progestational  reaction  is  patchy  in  distribution  since,  perhaps,  only 
the  glands  showing  the  least  aberration  from  normal  are  sensitive  to  the  pro¬ 
gestin  influence.  Such  views  are  in  accord  with  the  concept  of  the  one-two  re¬ 
lationship  of  estrin  and  progestin,  conclusively  demonstrated  in  many  of  the 
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laboratory  animals.  The  employment,  therefore,  of  estrin  to  check  the  im¬ 
mediate  bleeding  and  to  render  the  endometrium  capable  of  response  to  pro¬ 
gestin  seems  rational. 

The  amounts  of  progestin  found  necessary  to  produce  progestational  re¬ 
action  in  our  cases  have  not  differed  materially  from  those  required  to  produce 
similar  changes  in  the  human  castrate. 

Only  one  of  our  patients  (case  5)  permits  any  inference  being  drawn  as 
to  the  permanent  benefit  of  the  endometrial  changes  observed  following  estrin 
and  progestin  therapy.  Here  there  was  a  return  of  menstrual  irregularity  with 
a  phase  of  irregular  estrin  action  after  the  discontinuation  of  this  treatment. 
Remissions  from  prolonged  and  excessive  bleeding,  similiar  to  those  after 
curettage  might  be  expected  in  these  cases  following  the  use  of  estrin  and 
progestin. 

SUMMARY 

A  clinical  classification  of  endometrial  patterns  is  described  in  which  the 
supposed  responsible  functional  variations  in  the  action  of  the  two  ovarian 
hormones  is  taken  as  the  primary  basis  of  classification.  The  employment  of 
endometrial  specimens  as  indicators  of  ovarian  function  is  stressed  as  a  guide 
to  rational  therapy. 

Studies  of  5  young  patients  between  the  ages  of  15  and  30  years,  with 
excessive  and  prolonged  anovulatory  bleeding,  who  were  treated  with  pro¬ 
gestin  and  with  estrin  and  progestin,  are  detailed.  The  clinical  and  endo¬ 
metrial  responses  are  described. 

It  was  observed  that,  following  therapy  with  progestin  alone,  an  increase 
in  the  bleeding  resulted,  the  endometrium  showing  tissue  shedding  without 
the  induction  of  progestational  changes. 

When  estrin  was  given  prior  to  progestin,  there  was  a  prompt  decrease  in 
the  amount  of  bleeding  and  early  cessation  of  this  bleeding.  This  was  an  estrin 
effect.  Following  subsequent  progestin  exhibition  a  patchy  progestational 
reaction  was  observed.  Bleeding  recurred  shortly  after  the  cessation  of  the 
estrin  injections  and  was  characterized  by  tissue  shedding.  The  amount  of 
progestin  found  necessary  for  such  changes  was  approximately  the  same  as 
that  necessary  in  castrates. 

Only  one  case  allows  inference  as  to  the  permanency  of  the  clinical  and 
endometrial  response  following  estrin  and  progestin  therapy.  After  discontinu¬ 
ation  of  such  treatment,  there  was  a  return  of  menstrual  irregularity  and  the 
endometrium  showed  a  phase  of  irregular  estrin  action. 
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TREATMENT  OF  SEXUAL  UNDERDEVELOPMENT  IN  THE 
HUMAN  MALE  WITH  THE  ANTERIOR-PITUITARY-LIKE 
HORMONE  (A.P.L.)  OF  PREGNANCY  URINE^ 


DANIEL  L.  SEXTON 

From  the  Endocrine  Clinic,  Fir  min  Desloge  Hospital,  St.  Louis  University 
School  of  Medicine 
ST,  LOUIS,  MISSOURI 

The  effects  of  non-descent  of  the  testis  have  been  clearly  presented  by 
Moore  ( 1 )  whose  work  has  established  the  fact  that  testes  in  most  mammals 
can  not  develop  properly  unless  they  lie  free  in  the  scrotum.  He  has  shown 
experimentally  that  the  germinal  epithelium  of  the  testis  undergoes  degener¬ 
ation  when  placed  in  the  abdomen  and  that  recovery  takes  place  when  the 
testis  is  returned  to  the  scrotum.  In  man  the  case  seems  to  be  similar  to  that 
of  animals.  Wangensteen  (2)  working  on  dogs  and  man  concluded  that  un¬ 
descended  testes  remained  normal  until  puberty  and  showed  degenerative 
changes  only  after  this  period.  Cooper  (3)  differed,  being  of  the  opinion  that 
testis  outside  the  scrotum  after  the  age  of  2^  to  3  years  suffer  a  reduction 
in  the  number  and  size  of  the  tubules  with  an  increase  in  the  intervening 
stroma.  He  found  that  the  sooner  the  testis  was  placed  in  its  normal  position, 
the  better  the  chance  for  normal  function. 

While  there  is  no  conclusive  clinical  proof  that  delayed  descent  or  non¬ 
descent  of  the  testis  in  man  causes  deleterious  effects,  it  is  a  matter  of  record 
that  very  few  boys  at  the  adolescent  age  with  cryptorchism  have  normal  physical 
proportions.  Observations  on  bilateral  non-descent  are  most  striking  although 
variations  from  the  normal  in  the  unilateral  group  are  sufficiently  convincing. 

In  the  treatment  of  undescended  testes  there  are  4  courses  to  pursue. 

1.  Observation.  This  has  been  advocated  by  Drake  (4)  who  contends  that  the 
great  majority  descend  spontaneously  by  the  age  of  14  years  and  eventually  become 
normal  in  size  and  lie  in  their  normal  position  in  the  scrotal  sac.  While  spontaneous 
descent  is  acknowledged  to  occur,  it  is  not  without  risk  and  is  only  applicable  through 
the  pubescent  period. 

2.  Treatment  by  suction.  Ballinger  (5)  and  associates  have  reported  the  success¬ 
ful  use  of  this  treatment  in  23  of  26  cases.  By  a  special  apparatus  they  apply  suction  to 
the  penis  and  testis  and  attribute  their  results  to  the  loosening  and  lengthening  of 
the  spermatic  cord. 

3.  Surgical.  This  form  of  treatment  has  been  most  used.  It  has  its  objections  in 
that  results  are  not  always  satisfactory.  Surgery  is  always  preferable  when  there  is  an 
accompanying  hernia,  which  was  found  in  87  out  of  100  cases  of  cryptorchism  re¬ 
ported  by  Counseller  (6) .  Surgery  is  always  necessary  when  hormone  treatment  fails. 

4.  Medical.  The  work  of  Zondek  and  Aschheim  (7)  and  of  Smith  and  Engle 

*  Read  before  the  Twentieth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Kansas  City,  Mo.,  May  12,  1936. 
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(8)  in  establishing  the  pituitaro-gonad  relationship  and  subsequent  work  by  Engle 

(9) ,  Lower  and  Johnson  (10),  and  Evans  and  associates  (11),  in  demonstrating 
the  stimulating  effect  of  A.P.L.  on  genital  development,  prompted  its  clinical  use  in 
genital  underdevelopment.  In  the  past  few  years  reports  by  Schapiro  (12),  Goldman 
and  Stem  (13),  G)hn  (14),  Aberle  and  Jenkins  (15),  Rubenstein  (16),  Dorff 
(17) ,  and  one  by  the  writer  (18)  indicate  the  beneficial  effect  of  this  hormone  in  the 
treatment  of  cases  of  cryptorchism  and  genital  underdevelopment.  More  recently 
Wemer  (19)  and  coworkers  have  reported  the  successful  use  of  the  gonadotropic 
extract  clinically.  It  appears  from  this  and  other  observations  that  the  gonadotropic 
extract  and  A.P.L.  act  about  the  same  although  their  effect  on  rat  testes  has  been 
shown  by  Engle  (9)  to  be  different. 

SERIES  REPORT 

This  series  comprises  a  group  of  18  boys  in  whom  one  or  both  testes  were 
located  outside  the  scrotum  or  were  undefinable  along  the  genital  tract,  who 
have  been  treated  over  the  past  4^  years  with  A.P.L.  It  is  considered  that  in 
those  cases  in  which  the  testis  was  undefinable,  rudimentary  tissue  was  present 
and  developed  following  treatment,  for  in  those  instances  in  which  a  favor¬ 
able  result  occurred  the  testis  seemed  to  appear  suddenly. 

Six  of  the  18  cases  were  complicated  by  hernia,  which  in  3  instances  had 
been  repaired  and  orchiopexy  attempted. 

With  but  few  exceptions  all  of  these  boys  had  careful  studies  which  in¬ 
cluded  x-ray  examination  of  the  osseous  system,  basal  metabolism  determina¬ 
tions,  blood  studies  including  chemistry  as  indicated,  and  special  examinations 
when  required.  Changes  noticed  were  all  individual,  there  being  evident 
nothing  clinically  constant  about  the  group.  In  the  physical  examination,  how¬ 
ever,  this  was  different  in  that  those  boys  in  the  adolescent  period  showed 
overgrowth  of  the  long  bones.  This  was  interpreted  as  a  sign  of  hypogonadism. 

Non-hernia  group:  In  the  12  cases  not  complicated  by  hernia  the  ages 
ranged  from  5  to  18  years.  In  7,  undescent*  was  unilateral,  5  on  the  right 
and  2  on  the  left,  and  in  5  it  was  bilateral.  Of  the  17  instances  of  undescended 
testes,  4  were  in  the  canal,  5  were  in  the  external  ring,  7  were  classified  as 
undefinable,  and  one  was  over  the  pubis.  After  treatment  the  testes  were 
definable  in  the  scrotum  in  16  of  the  17  instances.  In  the  remaining  one  the 
testis  was  at  the  external  ring.  In  3  of  the  16  instances  with  descent  the  testes 
were  small  and  frequently  retracted  in  2  of  the  3.  The  period  of  treatment 
ranged  between  7  and  84  weeks.  Six  of  the  12  were  treated  between  8  and 
16  weeks.  The  amount  of  A.P.L.  administered  ranged  from  a  minimum  of 
1,700  R.U.  over  a  period  of  8  weeks  to  54,000  R.U.  over  a  period  of  32 
weeks.  The  average  treatment  in  8  cases  was  4,800  R.U.  Four  of  the  subjects 
received  10,600  R.U.,  16,800  R.U.,  36,600  R.U.,  and  54,000  R.U.  respec¬ 
tively. 

Five  of  the  12  boys  who  were  observed  gave  clinical  evidence  of  hypopi¬ 
tuitarism.  Two  were  definitely  eunuchoid  in  proportion,  4  showed  constitu¬ 
tional  frailty  and  one  had  normal  dimensions.  Complete  failure  of  descent 
occurred  in  1  of  the  2  eunuchoid  types.  Response  was  definitely  better  in  the 

•  For  clarity  the  term  'undescent'  is  used  for  all  cases  in  which  the  testis  was  not  identified  in  the 
scrotum. 
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obese  group  than  in  the  frail  group.  In  the  boy  in  whom  descent  completely 
failed  to  occur,  improvement  from  a  condition  of  undefinable  testicular  tissue 
to  that  of  a  definite  testicle  palpable  at  the  external  ring  was  noted.  This  boy 
was  treated  over  a  period  of  29  weeks,  receiving  11,600  R.U.  of  A.P.L.  Two 
years  after  treatment  was  discontinued  reexamination  showed  no  change  in  the 
position  of  this  testis.  No  doubt  mechanical  obstruction  prevented  its  descent, 
and  surgery  must  be  resorted  to. 


Fig.  1.  Case  10,  age  1214  years.  A,  Neither  testicle  definable.  After  !S,400  R.U.  gonadotropic  extract 
and  7-months’  observation,  right  testicle  was  at  the  external  ring,  left  testicle  undefinanle.  B,  After  3,600 
R.U.  of  A.P.L.  over  3-weeks  period:  right  testicle  was  in  scrotum,  left  testicle  in  canal  (.’).  C,  After 
additional  27,600  R.U.  of  A.P.L.  over  33  weeks,  a,  b,  c,  close-ups  of  A,  B,  and  C,  respectively.  D,  After 
additional  11,200  R.U.  over  24  weeks. 

Hernia  group.  Of  the  6  cases  in  the  hernia  group,  3  had  previously  been 
operated  upon.  Two  of  the  3  were  bilateral;  one  was  unilateral,  being  on  the 
left.  In  the  unilateral  case  2,800  R.U.  were  given  over  a  period  of  7  weeks 
without  effect  before  it  was  learned  that  the  left  testicle  had  been  sutured  in 
the  canal  at  the  time  of  herniorrhaphy.  Of  the  2  bilateral  cases,  postoperative 
infection  had  occurred,  and  even  massive  doses  over  a  prolonged  period  were 
ineffective  in  bringing  about  descent  although  secondary  sex  characteristics 
increased.  In  the  other  operative  bilateral  case  the  testicle  descended  from  the 
external  ring  to  the  scrotum  but  remained  infantile  in  size  in  spite  of  prolonged 
treatment.  Three  years  after  treatment  was  discontinued  this  testicle  remains 
atrophic.  Of  the  3  cases  with  hernia  not  previously  operated  upon  the  testis 
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was  palpable  in  the  right  canal  in  2  instances  before  treatment.  No  improve¬ 
ment  was  noted  in  these  cases  after  10  and  12  weeks’  treatment,  respectively. 
In  the  third  instance  before  treatment  the  testicle  was  undefinable  and  there 
was  question  whether  or  not  hernia  was  present.  After  6  weeks’  therapy,  in 
total  dosage  of  2,700  R.U.,  the  hernia  sac  and  a  well-defined  testicle  descended 
into  the  scrotum. 


Fig.  2.  Case  12,  age  18  years.  A,  Left  testicle  undefinable;  right  testicle  in  canal.  A',  After  54,000  R.U. 
over  a  period  of  32  weeks.  A-,  Four  years  later,  normal  genital  development.  No  treatment  in  interim.  Case  3, 
age  10  years.  B,  Left  testicle  over  pubis  at  point  of  bruise  mark.  B',  After  3,200  R.U.  over  a  period  of  16 
weeks.  Case  1,  age  5  years.  C,  Left  testicle  in  inguinal  canal.  C*.  After  10  weeks'  treatment  with  total  dosage 
of  8,600  R.U. 


In  summarizing  the  results  in  the  18  cases  it  is  only  fair  to  eliminate  the 
3  operative  hernia  cases  in  which  postoperative  interference  played  a  prominent 
role  in  preventing  improvement.  Of  the  remaining  15  cases  (20  instances) 
descent  occurred  in  10  cases  (15  instances).  In  2  instances  descent  was  incom¬ 
plete.  From  past  experience,  in  these  two  cases  complete  descent  may  be  ex¬ 
pected  with  continued  treatment. 

Report  of  result  in  40  year  old  man.  An  additional  case,  not  observed  but 
treated  indirectly,  is  worthy  of  report  because  of  the  advanced  age.  J.  A.,  aged 
40  years,  of  Chiz,  Mexico,  sought  advice  for  bilateral  undescended  testes.  He 
wrote  that  the  external  genitalia  and  all  secondary  sex  characteristics  were 
markedly  underdeveloped,  that  the  mammae  were  overdeveloped,  and  tli.it 
he  rarely  needed  to  shave.  At  various  times  he  had  been  given  treatment  cun- 
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sisting  of  desiccated  thyroid  orally  and  injections  of  testicular  extract,  cortical 
substance,  and  other  preparations  suggested  for  his  condition,  all  of  which 
were  without  avail.  Through  his  physician  A.P.L.  and  desiccated  thyroid  were 
recommended.  He  wrote  that  after  40  injections  of  2  cc.  of  A.P.L.  (8,000 


Table  1. 
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Type 

Position 
before  Tr. 

Treatment 
Duration  Total 

Position 
After  Tr. 

Final  Development 
Normal -H+H — h 
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R.U. 
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s 
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s 
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4 
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s 

Right  tes. 
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S 

11 

frail 

s 

ER 
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s 

s 

Left  tes.  H — h  4* 
Right  tes.  +  (re- 

tracts) 

6 

11 

frail 

s 

ER 

8 

1,700 

s 

s 

H — 1 — h 

7 

11.7 

eunuchoid 

s 

U 

29 

11,600 

s 

ER 

No  change  2  yr.  af- 

ter  treatment 

8 

12 

frail 

ER 

ER 

35 

8,900 

s 

s 

+  + 

9 

12 
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U 

C 

33 

3,300 

s 

s 

+  H — 1 — h 

10 

12.5 

eunuchoid 

U 

U 

18* 

5,400* 

0 

0 

Condition  considered 
hopeless  for  sur¬ 
gery 

No  tr.  for  7  mo. 

13.5 

obese 

ER 

U 

3 

3,600 

s 

c? 

3 

3,600 

s 

ER 

30 

24,000 

s 

s 

+  +to+++ 

11 

13.5 

obese 

S 

ER 

24 

16,800 

s 

s 

++++  after  1  yr. 

more  of  treatment 

12 

18 

obese 

U 

C 

16 

32,000 

s 

s 

+ 

16 

22,000 

s 

s 

-|-+  No  further  tr. 

+  +++  4  yrs  later 

Cases  with  hernia 


13 

6 

frail 

S 

c 

10 

1,500 

S 

0 

(H) 

14 

7 

frail 

S 

C 

(H) 

S 

12 

2,500 

S 

o 

15 

7 

frail 

C 

(hern.) 

(H) 

7 

2,800 

0 

s 

16 

9 

eunuchoid 

S 

u 

6 

2,700 

s 

s 

(H?) 

17 

11 

obese 

S 

ER 

44 

4,400 

s 

s 

18 

14 

eunuchoid 

C 

C 

40 

12,000 

c 

c 

14.7 

obese 

20 

30,000 

c 

c 

Herniorrhaphy  and 
orchiopexy 
Herniorrhaphy  and 
orchiopexy 
Left  tes.  sutured  in 
canal  atoprn. 
++++ 

Tes.  and  hernia  sac 
in  scrotum 
Lt.  tes.  -|-d — h*!'  Rt. 
tes.  4-  Previous 
bilat.  oper.  After 
prolonged  tr.  and 
3  yr.  interval  Rt. 
tes.  +  (atrophic) 
Previous  bilat.  oper. 
with  P.O.  infec¬ 
tion 

Infantile.  Sparse  hair 
growth 


*  Gonadotrwic  Extract  used  in  first  series  of  injections. 

C — canal.  > — scrotum.  U — undefinable.  ER — external  ring.  O — no  change.  OP— over  pubis.  (H)  — 
hernia,  (hern.) — ^herniotomy. 
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R.U.)  the  right  testicle  descended,  and  after  an  additional  45  injections  of 
300  R.U.  (13,500  R.U.)  the  left  testicle  descended.  The  dosage  of  desiccated 
thyroid  was  two  grains  daily.  The  testes  were  reported  to  be  the  size  of  pigeon 
eggs,  well  situated  in  the  scrotum.  There  were  no  appreciable  constitutional 
changes  reported.  Since  Pace  (20)  reports  evidence  of  active  tubule  tissue  in 
testes  through  the  fourth  decade,  it  will  be  of  great  interest  to  observe  the 
6nal  result  in  this  case,  especially  regarding  spermatogenesis. 

TREATMENT  OF  SUBNORMAL  GENITAL  DEVELOPMENT 

The  effect  of  prolonged  treatment  after  the  testes  have  entered  the  scrotum 
is  definitely  less  striking  than  the  effect  in  the  non-descent  cases.  In  instances 
in  which  treatment  is  soon  followed  by  descent,  further  development  of  the 
testis  with  continued  treatment  is  relatively  slow.  The  question  has  been  raised 
as  to  whether  or  not  the  patient  becomes  refractory  to  prolonged  treatment. 
The  treatment  of  subnormal  genital  development  with  testes  descended  de¬ 
pends  upon  the  age  of  the  patient  and  degree  of  subdevelopment.  It  has 
become  the  practice  of  the  writer  to  treat  only  those  cases  during  the  pre¬ 
adolescent  age  in  which  subdevelopment  is  pronounced  and  to  observe  the 
less  advanced  cases.  Conservatism  is  lessened  with  the  approach  of  pubescence. 

DISCUSSION 

Case  10  shows  the  necessity  of  prolonged  therapy  with  large  doses.  Just 
how  the  testes  in  this  boy  arrived  in  the  lower  canal  and  eventually  in  the 
scrotum  is  not  known,  for  there  was  no  evidence  whatever  of  testicular  tissue 
detectable  in  the  canals  before  treatment.  It  was  thought  by  the  surgical  con¬ 
sultant  who  was  called  in  the  early  period  of  treatment  that  both  testes  were 
intra-abdominal.  It  is  of  interest  to  note  that  cases  10  and  18  were  brothers 
and  that  a  maternal  uncle  of  these  boys  was  said  to  be  a  eunuch. 

There  was  no  instance  of  glycosuria  or  hyperglycemia  following  the  use 
of  A.P.L.  as  has  been  reported  by  Koplin  ( 21 ) .  Likewise  there  were  no  evident 
deleterious  changes  in  any  of  the  other  endocrine  structures  or  other  systems 
of  the  body  following  treatment. 

Improvement  in  the  psychic  and  general  attitude  following  descent  was 
indubitable.  Tendencies  to  solitude,  shyness,  restlessness,  and  'femininity’  gave 
way  to  those  characteristics  expected  in  the  normal  boy.  Especially  was  this 
change  noted  in  boys  at  puberty  who  had  realized  their  subnormal  develop¬ 
ment.  No  satisfactory  studies  could  be  carried  out  for  spermatogenesis  before 
and  after  descent  in  the  bilateral  cases. 

In  those  cases  showing  thyroid  deficiency,  overweight,  vitamin  deficiency, 
anemia,  or  any  other  associated  or  concomitant  disorder  appropriate  treatment 
should  be  added.  In  the  frail  boys  constant  effort  should  be  made  to  build  up 
their  general  health. 

SUMMARY 

Eighteen  boys  in  whom  the  testes  were  not  definable  in  the  scrotum  were 
treated  over  the  past  4^  years  with  A.P.L.  Six  of  the  18  were  complicated  by 
hernia,  3  of  which  had  been  previously  operated  upon.  In  all  3  of  these. 
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Operative  results  were  unsatisfactory  and  operative  complications  precluded  any 
result  from  hormone  treatment.  Of  the  remaining  15  cases  (20  instances) 
complete  descent  occurred  in  10  cases  (15  instances)  and  incomplete  descent 
(intermittent  retraction  into  canals)  in  2. 

The  thought  is  advanced  that  in  those  instances  in  which  testicular  tissue 
is  not  definable  in  any  part  of  the  genital  tract,  true  cryptorchism  does  not 
necessarily  exist.  Instead  there  is  rudimentary  testicular  tissue  which  can  not 
be  differentiated  from  other  soft  tissues.  On  the  average,  treatment  totaling 
4,800  R.U.  over  a  period  of  eight  weeks  should  suffice  to  determine  whether 
or  not  results  are  to  be  expected. 

Those  boys  with  obesity,  of  the  pituitary  types,  responded  more  favorably 
than  of  the  eunuchoid  types.  Treatment  of  subnormal  genital  development  was 
less  effective  than  the  treatment  of  non-descent. 

Clinical  evidence  is  offered  to  show  that  delayed  descent  results  in  ab¬ 
normal  physical  proportions  with  excessive  long  bone  growth  predominating. 

Surgery  is  recommended  for  all  cases  complicated  by  hernia  and  those  in 
which  hormone  treatment  fails. 
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VISCERAL  TEMPERATURES  IN  THE  INTACT  AND 
UNANAESTHETIZED  ANIMAL 

II.  THE  UTERUS  OF  THE  RAT* 


JAMES  B.  HAMILTON 

Department  of  Anatomy,  Yale  Medical  School,  and  Department  of 
Physiology,  Albany  Medical  College 

ALBANY,  NEW  YORK 

A  method  has  been  devised  for  determining  the  temperature  of  internal 
organs,  which  permits  for  the  first  time  the  use  of  intact  and  unanaesthetized 
animals  ( 1 ) .  Ten  abdominal  organs  are  measured  during  a)  resting  conditions, 
b)  metabolic  changes  in  each  organ  (such  as  the  oestrual  cycle  and  gestation 
in  the  uterus)  and  c)  physiological  changes  of  the  entire  animal  as  in  excite¬ 
ment  or  in  hypothermia. 

The  uterus  was  selected  as  the  first  organ  for  study  because  of  its  marked 
physiological  changes  (2,  3).  Uterine  temperature  was  studied  in  comparison 
with  the  general  body  temperature  under  the  following  conditions. 

A.  Physiological  changes  particulatly  affecting  the  uterus: 

(1)  The  resting  state,  in  which  daily  determinations  were  made  throughout  oestrual 
rhythms. 

(2)  Pseudopregnancy,  pregnancy,  parturition,  involution  and  lactation. 

(3)  Retrogressive  uterine  changes  subsequent  to  ovariectomy. 

B.  Physiological  changes  in  the  entire  body: 

(4)  Excitation  of  the  sympathetic  system  by  pinching  of  the  tail  or  by  fright  induced 
by  a  cat. 

(5)  Hyperactivity  of  bodily  processes  produced  by  overdoses  of  hormones. 

PROCEDURE 

A  much-neglected  factor  in  the  level  of  body  heat  is  the  influence  of  the 
environment  in  which  the  animal  has  lived.  Even  immobilization  of  the  rat  in 
a  thermally-controlled  test  chamber  at  76°  F.  for  an  hour  previous  to  testing  is 
not  sufiicient  to  entirely  overcome  the  effects  of  long-endured  environmental 
conditions.  Day-to-day  variations  due  to  this  factor  were  eliminated  in  the 
results  presented  in  tables  1  and  2,  which  compare  visceral  and  general  body 
temperatures.  These  rats  were  kept  in  a  constant  temperature  chamber  through¬ 
out  the  entire  experiment. 

Even  in  trained  animals  living  in  a  thermally-constant  animal  room,  the 
greatest  regularity  in  daily  readings  is  obtained  only  after  the  rat  has  rested 
for  an  hour  in  the  immobilization  cage;  these  measurements  are  termed  'base¬ 
line  temperatures’  in  the  tables.  Tables  1  and  2  illustrate  the  constancy  of  this 
day-to-day  base-line.  The  maximum  temperatures  listed  in  the  tables  are  the 
degrees  recorded  at  the  onset  of  measurement;  they  exemplify  the  elevation 
of  body  temperature  which  occurs  when  the  animal  is  excited  and  handled. 

*  Other  organs  to  be  repotted  are  spleen,  liver,  stomach,  kidney,  testis  and  intestine. 
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The  details  of  the  selection  and  training  of  animals,  general  operative  and  post¬ 
operative  care  and  the  mechanical  apparatus  in  this  new  technique  have  been  given 
elsewhere  (1) .  In  uterine  measurements  a  thermocouple  is  implanted  upon  the  lateral 
side  of  the  outer  wall  of  the  right  horn  at  a  distance  arbitrarily  standardized  at 
1  cm.  below  the  entrance  of  the  oviduct.  Duplicate  experiments  were  performed 
upon  animals  in  which  the  thermocouple  junction  was  implanted  within  the  uterus 
at  this  same  location.  The  approach  trough  the  abdominal  wall  is  on  the  dorso¬ 
lateral  surface  about  1.3  cm.  lateral  to  the  mid-line  of  the  body,  the  incision  ex¬ 
tending  for  2  cm.  rostral  to  the  cephalic  end  of  the  innominate  bone.  The  uterus  is 
drawn  to  the  incision  with  a  minimal  amount  of  trauma  and  visceral  exposure  by 
means  of  an  adjoining  fatty  mesentery.  After  attachment  the  wires  are  passed  be¬ 
neath  the  skin  for  4  cm.  before  penetration  to  the  surface  high  on  the  dorsum. 


^  Ut«ru»  O  R«CtUB 


^  5  10  ts  20  25  JO 

MtNUTES 

Fi^.  1.  Conformity  of  uterine  temperature  to  the  level  of  body  heat.  1.  In  the  unanaesthetiaed  rat. 
2.  During  rapid  changes  due  to  activity  of  sympathetic  system.  Arrow  indicates  placement  of  a  cat  close  to 
the  rat. 

Technically,  the  long  gestation  period  provided  many  difficulties  in  the  collec¬ 
tion  of  data.  Daily  tests  resulted  in  the  eventual  breaking  of  the  fine  thermocouple 
wires  at  their  connection  with  the  machine  leads,  due  to  flattening  of  the  wire  at 
the  set-screw  contact.  To  overcome  this,  reserve  spirals  of  wire  were  embedded  near 
the  thermocouple  exit  through  the  skin,  and  repair  made  by  uncoiling  an  accessory 
loop.  Ample  protection  against  wire-breakage  was  provided  by  two  spirals.  Change 
in  the  length  of  wire  does  not  invalidate  readings  obtained  by  a  'null’  circuit  such 
as  that  employed  by  the  Micromax. 

RESULTS  AND  DISCUSSION 

(1)  The  resting  state.  Measurements  were  taken  of  18  rats  over  periods 
ranging  from  1  to  4  oestrual  cycles,  totalling  129  days.  Table  2  shows  the 
complete  conformity  of  uterine  temperature  to  the  body  level  at  all  stages  of 
the  oestrual  cycle  despite  variances  in  the  daily  level  of  body  heat.  No  corre¬ 
lation  is  seen  between  any  phase  of  the  oestrual  cycle  and  general  body  tem¬ 
perature,  measurements  of  females  proving  no  more  variable  than  those  of 
males.  Since  these  rats  were  immobilized  for  an  hour  prior  to  the  test,  metabolic 
effects  of  oestrus  as  claimed  by  Wang  and  Slonaker  (4)  might  have  been 
eliminated,  although  recent  claims  tend  to  dissociate  metabolism  from  any 
necessarily  direct  relationship  to  the  level  of  body  temperatures  (5).  Figure 
1  illustrates  the  uniformity  of  temperature  in  successive  measurements  of 
uterine  and  rectal  temperatures  at  approximately  1  minute  intervals  over  a 
28-minute  period. 

(2)  Pseudopregnancy,  pregnancy,  parturition,  involution  and  lactation. 
Pseudopregnancy  induced  by  mechanical  stimulation  of  the  cervix  at  oestrus 
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lasted  from  9  to  17  days  as  determined  by  vaginal  smears.  This  interruption 
of  the  oestrual  rhythm,  like  the  rhythm  itself,  failed  to  disturb  the  conformity 
of  uterine  temperature  to  the  body  level. 

Pregnancy  offers  a  maximum  of  possible  changes  in  the  uterine  tempera¬ 
ture  because  of  the  enormously  larger  blood  supply  to  the  uterus  (6),  the 
rapid  growth  in  size  of  both  the  organ  and  the  enclosed  embryo,  and  other 
changes  incident  to  pregnancy.  There  occurred  variations  in  the  degree  of 
uterine  heat  particularly  in  the  latter  half  of  gestation  which  differed  0.4  to 
1.0°F.  from  the  rectal  temperature.  This  divergence  disappeared  after  par- 


Tables  1-5.  Animals  trained  to  rest  immobilized  in  a  constant  temperature  chamber 

REACH  MORE  UNIFORM  DAY-TO-DAY  LEVELS  OF  BODY  HEAT  AFTER  RESTING  FOR  1  HOUR; 

THIS  IS  TERMED  BASE-LINE  TEMPERATURE. 

Tables  2-S.  Daily  measurements  illustrating  the  conformity  of  uterine  temperature  to 

THE  BODY  LEVEL  OF  HEAT  AND  PERSISTANCE  OF  THIS  UNIFORMITY  THROUGHOUT  CHANGES 
IN  UTERINE  AND  BODY  METABOLISM. 


Days  1  2  3  4  5  6  7  8 


Rectal  Temperature 

Base-line  100.8  101.1  101.0  101.0  101.3  100.8  101.0  101.0 

Maximum  101.0  101.8  101.3  101.4  102.0  101.5  102.0  101.7 

Minimum  98.1  100.3  99.0  99.5  100.5  100.0  99.5  98.5 


Vaginal  Smear 


Table  2.  The  oestrual  cycle.  (Vaginal  smears  recorded  by  method  of  Hill,  R.  T.,  1932, 
Journal  of  Exprimental  Zoology,  63: 203-234). 


Days  1  2  3  4  5  6  7  8 


Rectal  Temperature 

Base-line  100.9  100.9  101.0  100.7  102.0  100.1 

Maximum  102.0  101.9  102.5  101.6  102.0  100.9 

Minimum  100.4  100.5  100.7  100.0  100.5  99.2 


Uterine  Temperature 

Base-line  100.9  100.9  101.0  100.7  102.0  100.1 

Maximum  102.0  101.9  102.5  101.6  102.0  100.9 

Minimum  100.4  100.5  100.7  100.0  100.5  99.2 


Vaginal  Smear 


J 


turition,  recurring  with  subsequent  pregnancy  and  could  be  eliminated  during 
pregnancy  by: 

(a)  Removal  of  adhesions,  when  present,  thereby  freeing  the  utems  from 
the  body  wall  which  may  be  at  a  different  temperature. 

(b)  Immobilization  of  the  animal  for  2-3  hours  in  a  test  chamber  main¬ 
tained  at  82°F.  Thermocouples  implanted  on  the  abdominal  wall  of  the  rat 
revealed  the  muscle  wall  to  approximate  the  rectal  temperature  when  the 
animal  was  placed  in  a  warm  environment.  Hence,  the  wall  would  no  longer 
cool  the  organ  lying  against  it. 

(c)  Suture  of  the  thermocouple  to  the  medial  side  of  the  uterine  hom. 
This  procedure  offered  less  opportunity  for  uterine  adhesions  to  the  body  wall 
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and  prevented  contact  of  the  thermocouple  against  the  body  wall  during  uterine 
enlargement. 

In  view  of  the  thermal  gradient  existent  in  the  abdominal  wall  of  the  rat 
which  would  tend  to  change  the  temperature  of  an  organ  resting  upon  it  and 
in  view  of  the  thermal  uniformity  continually  observed  in  other  abdominal 
organs  throughout  marked  physiological  changes  and  in  uterine  pregnancies 
when  contact  with  the  abdominal  wall  was  minimized,  it  is  thought  that  the 
uterine  temperature  changes  occasionally  seen  in  a  pregnant  rat  were  not  due 


Table  3.  Pregnancy,  parturition,  postpartum.  An  unusually  large  litter  of  17  was  born 

DURING  THESE  MEASUREMENTS. 


Day  of  Pregnancy 

1 

2 

3 

4 

5 

6 

7 

8 

Rectal  Temperature 
Base-line 

100.2 

100.6 

100.6 

98.9 

98.6 

99.5 

99.8 

99.7 

Uterine  Temperature 
Base-line 

100.2 

100.6 

100.6 

98.9 

98.6 

99.5 

99.8 

99.7 

Day  of  Pregnancy 

9 

10 

11 

12 

13 

14 

15 

16 

Rectal  Temp. 

* 

« 

99.6 

100.4 

100.2 

100.9 

101.2 

Uterine  Temp. 

99.6 

100.4 

100.2 

100.9 

Day  of  Pregnancy 

17 

18 

19 

21 

21 

21 

21 

21 

Rectal  Temp. 

100.0 

100.8 

100.9 

98.9 

99.0 

100.2 

100.3 

101.8 

Uterine  Temp. 

100.0 

100.8 

** 

** 

99.0 

100.2 

100.3 

101.8 

Days  Postpartum 

1 

2 

3 

4 

5 

6 

7 

8 

Rectal  Temperature 
Base-line 

101.2 

102.5 

101.4 

101.0 

102.0 

99.7 

Uterine  Temperature 
Base-line 

102.2 

102.5 

* 

101.0 

102.0 

99.7 

Days  Postpartum 

9 

10 

11 

12 

18 

Rectal  Temperature 
Base-line 

100.8 

101.0 

100.7 

♦ 

101.2 

Uterine  Temperature 
Base-line 

100.8 

101.0 

100.7 

101.2 

*  Break  in  the  thermocouple.  An  accessory  spiral  of  wire  was  brought  to  the  surface  from  beneath  the 
skin.  The  rat  was  allowed  48  hours  for  recovery  from  effects  of  OMration  and  anaesthesia. 

**  Divergence  between  uterine  and  body  temperatures,  which  disappeared  in  a  warm  environment  but 
re-appeared  in  cold  surroundings.  This  was  believed  due  to  contact  between  the  enlarged  uterus  and  the 
cooler  abdominal  wall. 

to  any  metabolic  change  during  pregnancy.  Tables  2  and  3  of  uterine  and 
rectal  measurements  taken  previous  to  mating,  during  gestation,  and  post¬ 
partum,  exemplify  the  continued  uniformity  of  uterine  and  body  levels  of 
heat  throughout  gestation. 

During  parturition,  pronounced  vascular  irregularities  (7)  and  violent 
muscular  contractions  occur,  yet  readings  between  births  of  various  members  of 
the  litters  show  the  same  thermal  uniformity  of  uterine  and  body  temperatures 
seen  in  the  virgin  animal.  Tables  2  and  3  compare  readings  taken  in  parturition 
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with  those  taken  before  mating  and  during  gestation,  involution  and  lactation. 
A  remarkably  large  litter  of  17  was  bom  to  the  rat  whose  figures  are  given  in 
table  3.  Readings  were  obtained  at  3:00  p.m.  after  the  delivery  of  4  young, 
and  at  8:00  p.m,  after  9  young,  at  midnight  after  13  young,  and  at  7:00  a.m. 
after  17  young.  The  rat  subsequently  bore  a  litter  of  12  with  the  same  type  of 
thermal  findings. 

Likewise,  the  exceedingly  rapid  physiological  involution  after  delivery 
fails  to  disturb  the  agreement  of  organ  and  body  temperatures.  Measurements 
during  26  days  of  lactation  reveal  only  the  usual  thermal  constancy. 

Therefore,  the  conclusion  seems  warranted  that  normally  occurring  inter- 
mptions  of  the  oestmal  rhythm,  like  the  cycle  itself,  produce  no  temperature 
variations  sufficiently  large  to  disturb  thermal  equilibration  of  the  uterus  and 
abdomen. 

(3)  Retrogressive  uterine  changes  subsequent  to  ovariectomy.  After  total 
bilateral  ovariectomy  with  removal  of  oviducts  and  ovarian  capsule,  the  ther¬ 
mal  integration  of  uterine  and  rectal  temperatures  is  undisturbed,  as  illustrated 
in  table  4  of  readings  11-19  days  after  ovariectomy. 


Table  4.  Ovariectomy. 


Days  after  Ovariectomy 

11  12 

13 

14 

15 

16 

17 

18 

19 

Rectal  Temperature 
Base-line 

100. S  * 

94.6 

98.0 

100.0 

98.2 

100.0 

100.3 

100.1 

Uterine  Temperature 
Base-line 

100.  S 

94.6 

98.0 

100.0 

98.2 

100.0 

100.3 

100.1 

Vaginal  Smear 

(4)  Excitation  of  the  sympathetic  system  by  pinching  of  the  tail  or  by 
fright  induced  by  a  cat.  The  question  then  arises  as  to  the  possibility  of  dis¬ 
turbing  this  thermal  uniformity  by  changes  more  rapid  than  the  long  oestmal 
rhythms  or  castration.  Excitatory  phenomena  might  produce  an  acute  diver¬ 
gence  in  the  mustering  of  the  sympathetic  responses  of  the  body  as  described 
by  Cannon  (8),  The  stmggle  to  escape  from  the  cage  following  pinching  of 
the  tail  occasionally  served  to  elevate  the  whole  body  temperature  but  never 
disrupted  the  organ-body  uniformity,  for  any  change  in  the  level  of  body  heat 
is  participated  in  by  the  uterus.  The  presence  of  a  cat  induced  extremes  from 
excitement  to  complete  indifference,  none  of  which  disturbed  the  established 
thermal  relationship  (fig.  2). 

(  5  )  Hyperactivity  of  bodily  processes  produced  by  overdoses  of  hormones. 
Large  doses  of  epinephrine  in  subcutaneous  injections  produced  no  divergence 
between  uterine  and  rectal  temperatures,  although  the  body  temperature  was 
at  times  considerably  augmented  by  struggle. 

Daily  injections  of  theelin  (Parke-Davis)  were  given  over  a  2-week 
period.  Aqueous  solutions  of  5  R.U.  were  injected  subcutaneously  each  morn¬ 
ing  and  evening,  the  uterine  temperature  measured  at  hour  intervals  from  the 
time  of  injection  until  24  hours  later.  A  stable  thermal  relationship  was  found 
at  all  intervals.  Table  5  of  daily  readings  1  hour  after  injection  (since  the  time 
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required  for  absorptive  removal  of  the  aqueous  solution  may  be  short)  reveals 
no  difference  between  uterine  and  rectal  temperatures.  An  oestrual  condition 
was  maintained  by  the  administered  hormone  as  shown  by  vaginal  smears. 

Thyroid  extracts  administered  to  4  animals  in  the  form  of  thyroglobulin 
did  not  result  in  any  difference  between  uterine  and  rectal  readings,  but  the 
number  of  test  hours  was  too  small  to  draw  conclusions  concerning  the  effect 
of  thyroid  extracts  on  body  temperature. 

Discussion  is  made  elsewhere  (9)  of  the  capacity  of  an  abdominal  organ 
to  remain  in  thermal  equilibrium  with  the  other  abdominal  organs  throughout 
pharmacological  variance  of  the  body  heat  level  and  throughout  radical  changes 
of  the  body  heat  even  in  the  entire  absence  of  blood  flow.  There  exists,  then, 
in  endocrinological  and  other  physiological  conditions  an  internal  integration 
of  heat.  Inasmuch  as  all  internal  parts  do  not  have  the  same  metabolism  or 
identical  heat  production,  there  must  be  an  effective  mode  of  thermal  integra- 


Table  5.  Stimulation  by  injections  of  female  sex  hormone,  subcutaneous  injections  of 
5  R.U.  (Parke-Davis)  daily. 


Days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Rectal  Temperature 
Base-line 

101.6 

99.3 

102.4 

102.0 

101.0 

100.5 

102.3 

101.7 

101.2 

Uterine  Temperature 
Base-line 

101.6 

99.3 

102.4 

102.0 

101.0 

100.5 

102.3 

101.7 

101.2 

Vaginal  Smear 

tion  of  organ  and  system.  The  data  presented  in  this  paper  reveal  that  such 
thermal  integration  is  indistinguishable  whether  the  blood  flow  be  reduced 
(utems  after  castration)  or  increased  (oestrus,  pregnancy),  hence,  does  not 
necessarily  depend  on  convection  by  the  blood  stream.  Conduction  from  tissue 
to  tissue  can  maintain  thermal  homeostasis  despite  variance  in  and  even  ab¬ 
sence  of  blood  flow  (9).  Confirmation  of  this  is  given  by  the  rats  used  in  this 
report  which  were  subjected  to  extreme  hypothermia  where  no  part  of  the 
animal’s  body  was  warmer  than  55°F.  Nevertheless,  a  common  uterine-body 
level  of  heat  was  maintained  whether  the  uterus  were  in  a  castrate  or  in  a 
highly  vascular  condition. 

This  does  not  mean  that  it  would  be  impossible  to  destroy  the  uniformity 
of  uterine  and  body  temperatures,  for  localized  application  of  heat  to  the 
abdomen  or  other  abnormal  disturbances  can  overpower  the  equilibratory 
mechanisms  of  conduction  and  blood  convection  to  give  differential  loci  of 
warmth.  The  oestrual  cycle,  however,  produces  no  such  effect.  The  rat  possesses 
a  temperature  equilibration  between  uterus  and  body  that  is  equal  to  any 
exigency  encountered  in  the  resting  state,  in  the  physiological  variations  of  the 
sexual  cycle,  or  in  physiological  variations  of  the  whole  animal  to  which  there 
is  a  secondary  uterine  response. 

SUMMARY 

The  uterus  of  the  rat  has  been  investigated  by  means  of  a  new  technique 
which  permits  measurements  of  temperature  in  the  internal  organs  of  the  intact 
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animal  without  exposure  and  without  anaesthesia.  The  uterine  temperature 
conforms  rigidly  to  the  level  of  body  heat  throughout  all  stages  of  the  oestrual 
cycle.  No  fluctuations  in  the  general  level  of  body  heat  occur  with  the  cycle. 

This  uniformity  of  the  uterine  and  the  body  level  of  heat  persists  undis¬ 
turbed  during  physiological  changes  in  the  uterus  of  pseudopregnancy,  gesta¬ 
tion,  parturition,  involution  and  lactation,  and  castration.  Measurements  in¬ 
cluded  the  gestation,  parturition,  and  post  partum  period  of  a  large  litter  of  17 
young.  Injections  of  theelin  or  the  converse,  ovariectomy,  do  not  affect  the 
thermal  agreement  between  uterine  and  body  temperature. 

Changes  in  the  level  of  general  body  heat  are  participated  in  by  the  uterus 
without  detected  deviation  from  the  body  level.  The  amount  of  blood  in  cir¬ 
culation  through  the  uterus  during  changes  in  the  body  level  does  not  seem 
to  influence  the  thermal  agreement  of  uterus  and  body,  since  the  hyperaemic 
and  castrate  uterus  respond  alike  to  changes  in  the  body  level  of  heat. 

There  exists,  then,  not  only  a  uniformity  of  uterine  and  body  temperatures 
in  the  resting  animal,  but  an  internal  integration  that  keeps  organ  and  body 
at  the  same  heat  level  throughout  physiological  and  pharmacological  distur¬ 
bances  affecting  either  organ  or  body,  or  both. 

The  author  expresses  his  appreciation  of  the  helpful  suggestions  made  by  Professor  Edgar 
Allen  and  Harold  Burr. 
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EXTRACTS  CONTAINING  CORTIN^ 


FRANK  A.  HARTMAN  AND  W.  D.  POHLE 
From  the  Department  of  Physiology, 

The  Ohio  State  University 
COLUMBUS,  OHIO 

Since  our  first  description  of  a  method  for  the  preparation  of  an  extract 
containing  cortin  ( 1 ) ,  we  have  been  attempting  constantly  to  improve  the 
purity  and  yield  of  the  hormone.  Numerous  methods  for  the  preparation  of 
cortin  extracts  have  been  described  in  recent  years  (2).  Some  of  these  have 
been  repeated  by  us  for  comparison.  Frequently  the  claims  for  potency  are 
unwarranted  because  the  assay  employed  has  not  been  adequate.  We  shall 
describe  at  this  time  two  methods  which  are  the  developments  ot  our  experi¬ 
ments;  one  is  employed  for  the  preparation  of  an  aqueous  extract  to  be  used 
for  injection  and  for  chemical  study;  the  other  glycerol  extract  is  simpler  but 
can  only  be  used  orally  for  clinical  study. 

METHOD  OF  ASSAY 

In  order  to  determine  the  potency  of  our  extracts  in  this  investigation, 
we  have  used  completely  adrenalectomized  cats.  These  animals  were  not 
tested  until  they  had  completely  recovered  from  the  operation  and  were  in 
excellent  condition.  They  were  kept  in  a  warm  room  (27-29°C.) .  The  animals 
chosen  for  testing  were  in  their  prime  as  to  age.  Moreover  only  those  animals 
with  a  regular  appetite  were  selected.  The  same  animal  could  be  used  re¬ 
peatedly,  provided  he  was  brought  back  to  excellent  condition  between  tests. 
Animals  allowed  to  become  markedly  insufficient  often  reached  a  condition 
from  which  recovery  was  either  impossible  or  required  too  much  time  and 
hormone.  When  this  happened  it  was  more  satisfactory  to  replace  with  a 
new  test  animal.  The  cats  were  fed  50  cc.  of  milk,  50  gm.  of  canned  fish 
(salmon  or  mackerel)  and  50  to  100  gm.  of  fresh  beef  heart.  Cod  liver  oil 
(0.03  cc.  per  kg.)  was  fed  3  times  a  week.  There  was  no  NaCl  supplement. 

In  assaying  an  extract  attempts  were  made  to  start  with  a  dosage  con¬ 
siderably  above  the  minimum.  The  extract  was  injected  twice  daily.  The 
sum  of  the  2  injections  is  the  daily  dose.  The  quantity  of  extract  injected 
was  reduced  every  fourth  day  by  50  per  cent  if  no  signs  of  insufficiency  ap¬ 
peared.  The  assay  is  considered  to  lie  between  the  smallest  quantity  necessary 
to  maintain  good  health  and  the  quantity  permitting  the  first  signs  of  insuf¬ 
ficiency  to  appear.  The  first  reduction  in  food  intake  of  a  regular  eater  is  taken 
as  a  sign  of  insufficiency.  This  is  corroborated  by  change  in  behavior  such  as 
activity  and  response  to  surroundings  which  can  best  be  detected  by  an  ex¬ 
perienced  observer.  Knowledge  of  the  characteristics  of  each  individual  animal 

‘  Aided  by  grants  from  the  Carnegie  Corporation  of  New  York  and  The  Rockefeller  Foundation. 
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is  very  useful.  In  1927  an  exhaustive  study  was  made  (impublished  results 
of  Brownell  and  Hartman)  of  blood  urea  as  a  test  for  adrenal  insufficienqr. 
Hundreds  of  urea  determinations  were  made  on  50  adrenalectomized  cats. 
Increase  in  urea  frequently  failed  to  appear  until  long  after  other  symptoms 
had  developed,  such  as  loss  of  appetite  and  change  in  behavior.  Blood  urea 
is  neither  as  sensitive  nor  as  reliable  an  indicator  of  adrenal  insufficiency  as 
appetite  and  behavior. 

The  cat  unit  employed  in  this  paper  is  the  minimum  amoimt  of  hormone 
required  daily  (divided  into  2  doses)  to  maintain  an  adult  adrenalectomized 
cat  in  good  health  (without  NaCl  supplement). 

We  have  compared  the  effects  of  vitamin  and  NaCl  supplement  to  the 
diet.  The  control  diet  described  above  has  been  supplemented  by  the  addition 


Tablc  1.  Assay  on  oimsiNT  diets. 


Diet 

Extract 

Cat  Unita  per  Kg.  of  Cortex 

Average 

Cat  AG 

2.3  Kg. 

Cat  AO 

2.4  Kg. 

Cat  W 

2.8  Kg. 

Cat  AZ 

3.1  Kg. 

Cat  AJ 

3.2  Kg. 

CatB 

3.6  Kg. 

Control 

I 

SOX  100 

SOXlOO 

SOXlOO 

SOXlOO 

SOXlOO 

SOX  100 

Control 

II 

SOX  100 

SOX  100 

Control 

III 

lOOX  200 

A 

I 

lOOX  200 

SOXlOO 

SOXlOO 

67X  135 

B 

II 

400X  800 

400X800 

B 

m 

800X1600 

of  0.07  cc.  of  cod  liver  oil  and  1  gm.  of  vitavose  per  kg.  body  weight  3  times 
per  week  to  make  Diet  A.  The  addition  of  0.2  gm.  of  NaCl  per  kg.  of  body 
weight  daily  to  Diet  A  made  Diet  B.  Assays  on  these  different  diets  are  shown 
in  table  1. 

Taking  into  account  the  limitations  of  the  assay  the  data  show  that  addi¬ 
tion  of  0.2  gm.  NaCl  per  kg.  of  body  weight  to  the  diet  reduced  the  cortin 
requirement  many  fold.  The  amount  of  NaCl  added  was  approximately  equal 
to  that  contained  in  the  food.  This  was  shown  by  actual  determination  in 
samples  of  the  food.  Increase  of  vitamins  over  that  in  the  control  or  regular 
diet  was  without  effect. 

PREPARATION  OF  AN  AQUEOUS  EXTRACT 

The  cortex  of  beef  adrenals  dissected  free  from  fat  and  medulla  on  the  killing 
floor,  is  frozen  immediately  with  COj  snow  and  shipped  to  the  laboratory  in  the 
frozen  state.*  Upon  receipt  it  is  ground  while  still  frozen  and  then  put  into  the  ex¬ 
tracting  solvent.  The  accompanying  flow  sheet  (table  2)  outlines  the  method  found 
best  for  routine  procedure. 

After  shaking,  the  alcohol  not  removed  by  decantation  is  separated  by  pressure 
from  the  gland  mass.  The  alcoholic  extract  is  then  filtered.  In  distilling  the  alcohol 
it  is  extremely  important  to  stop  the  process  before  there  is  any  appreciable  thickening 
of  the  residue  (vide  infra) .  If,  on  the  other  hand,  too  great  a  volume  is  left  the 
alcohol  remaining  prevents  a  differential  extraction  with  ether.  Ether  for  extraction 
must  be  peroxide  free.  We  test  for  peroxide  by  the  KI  method,  a  day  before  use. 
All  operations  with  ether  are  carried  out  in  the  absence  of  bright  light.  The  residue 
is  extracted  8  times  with  an  equal  volume  of  ether.  The  combined  ether  extractions 
are  distilled  immediately  to  a  volume  of  150  to  200  cc.  Then  100  cc.  of  95  per 

*  We  are  indebted  to  Doctor  David  Klein  of  the  Wilson  laboratories  for  his  cooperation  in  supplying 
the  adrenal  glands. 
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cent  ethyl  alcohol  is  added  and  distillation  continued  to  previous  volume  to  remove 
traces  of  ether.  If  in  doubt,  a  second  100  cc.  of  alcohol  is  added  and  the  process 
repeated. 

To  the  residue  (150  cc.)  95  per  cent  alcohol  (700  cc.)  and  then  water  (250  cc.) 
are  added  to  make  approximately  a  70  per  cent  solution.  By  adding  95  per  cent 

Table  2.  Preparation  of  an  ac^ueous  extract. 


3  kg.  adrenal  cortex  ground  then  shaken  with 
6  liters  90-95%  ethyl  alcohol  12  to  18  hrs. 
Filtered. 


Alcohol  extract 

1  . 

Gland  residue 

Distilled  in  vacuo  to  not  less  than  350  cc. 

Residue 

.  .1 

Distillate 

1 

Extracted  with  peroxide  free  ethyl  ether 

1 

Ether  extract 

1 

1 

Aqueous  residue 

Distilled  in  vacuo  to  150-200  cc. 

Residue 

Distillate 

I 

Taken  up  in  70%  alcohol  chilled  to  — 20°C.  and  filtered 

Filtrate 

1 

Lipid  residue 

.  .1 

Distilled  in  vacuo  to  150-200  cc. 

Residue 

.  .1 

Distillate 

Extracted  with  ether 

Ether  extract 

1 

Aqueous  residue 

.  J 

Distilled  in  vacuo  to  75-100  cc. 

Residue 

.  .1 

Distillate 

1 

Dissolved  in  95%  alcohol,  passed  through  crystallite 
then  distilled  in  vacuo  to  25-40  cc. 

Residue  taken  up  in  water 

.  .1 

Distillate 

alcohol  first,  all  material  is  kept  in  solution  until  the  water  is  added.  This  prevents 
the  fatty  material  from  occluding  the  hormone  as  it  might  do  if  70  per  cent  alcohol 
were  added  directly.  The  alcoholic  solution  is  chilled  at  — 20°C.  for  24  hours  or 
longer  to  precipitate  lipids  which  are  then  removed  by  filtration  at  the  same  tem¬ 
perature.  Vacuum  distillation  of  the  filtrate  is  carried  out  until  the  volume  of  the 
residue  is  150  to  200  cc.  This  residue  is  extracted  8  times  with  an  equal  volume  of 
ether  as  described  above.  The  ether  is  removed  from  the  combined  extracts  until 
the  volume  of  the  residue  is  75  to  100  cc.  The  last  traces  of  ether  are  removed  as 
described  above.  Finally  enough  95  per  cent  alcohol  is  added  to  make  a  volume  of 
125  cc.  This  alcoholic  solution  is  passed  through  a  tower  containing  300-400  gm. 
of  crystallite  (crystallite  is  a  product  similar  to  permutit) . 

The  crystallite  has  previously  been  washed  with  4  per  cent  acetic  acid  to  re- 
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move  any  alkali.  The  add  is  removed  by  washing  with  95  per  cent  alcohol  until  the 
washings  are  neutral  as  indicated  by  litmus  paper.  As  soon  as  the  alcohol  extract  has 
descended  into  the  crystallite  95  per  cent  alcohol  is  added  in  order  to  keep  the 
crystallite  covered  at  jill  times  until  approximately  2000  cc.  of  alcohol  has  passed 
through  the  tower.  The  rate  at  the  start  is  a  drop  every  2  seconds  with  a  final  rate 
of  2  drops  per  second.  Passage  through  crystallite  removes  the  epinephrin  so  that 
the  final  aqueous  extract  will  contain  less  than  1:300,000.  Alcohol  is  removed  in 
vacuo  until  the  residue  has  a  volume  of  25  to  40  cc.  An  equal  volume  of  water  is 
added  and  distillation  continued  to  remove  traces  of  alcohol.  A  decrease  in  the  vol¬ 
ume  to  less  than  25  cc.  is  very  dangerous.  Water  is  then  added  to  distribute  the 
product  so  that  1  cc.  represents  20  grams  or  any  desired  amount  of  cortex.  NaCl  is 
added  if  an  isotonic  solution  is  desired.  The  solution  is  first  gravity  filtered  and  then 
passed  through  a  Seitz  filter  to  sterilize  it. 


Table  3. 


Solvent 

Cat  Units  Per  Kg. 
of  Cortex 

Acetone 

32  >  65 

Benzol 

22>  44 

Ethyl  alcohol,  95% 

200>400 

Ethyl  alcohol,  87% 

250  >500 

Ethyl  ether 

30>  60 

Comparison  of  Different  Solvents.  We  have  compared  the  yields  of  cortin 
when  the  different  solvents  have  been  used  for  extracting  the  glands,  all 
other  steps  in  the  process  remaining  the  same.  The  results  are  shown  in  table  3. 
Ethyl  alcohol  is  much  the  best.  One  extraction  removes  90  per  cent  or  more  of 
the  hormone.  Therefore,  an  additional  extraction  seems  unwarranted.  Warm¬ 
ing  the  alcohol-gland  mixture  to  40°C.  at  the  start,  apparently  has  no  effect 
on  the  yield.  Extracting  the  cortex  with  alcohol  twice,  the  temperature  start¬ 
ing  at  70°C.  each  time,  gave  only  about  of  the  quantity  of  hormone. 

Acetone  has  been  used  frequently  as  a  first  solvent  in  other  methods  (3). 
We  have  repeatedly  been  unable  to  obtain  good  yields  with  it.  Kendall  et  al 
(4)  state  that  neutral  acetone  does  not  extract  the  hormone  while  acidified 
acetone  does.  We  have  followed  the  neutral  acetone  extraction  of  cortex  with 
extraction  by  acidified  acetone  but  succeeded  in  getting  little  or  no  hormone 
by  the  second  extraction. 

Purifying  Solvents.  The  use  of  different  solvents  for  purification  has  been 
studied.  We  have  compared  particularly  benzol  and  ether.  Benzol  (com¬ 
mercial)  was  substituted  for  the  ether  extraction  following  the  treatment 
with  70  per  cent  alcohol.  The  aqueous  residue  from  the  distillate  of  the  70 
per  cent  alcohol  was  extracted  10  times  with  an  equal  volume  of  benzol. 
Only  15  to  20  minutes  was  required  for  each  extraction  because  of  the  ab¬ 
sence  of  the  lipid  material  which  was  removed  by  chilling  the  70  per  cent 
alcohol  solution.  Vigorous  shaking  for  30  minutes  did  not  increase  the  yield. 
From  this  point  the  procedure  followed  that  in  the  chart.  Our  yield  with  this 
substitution  of  benzol  extraction  was  only  1  /5  that  obtained  by  our  standard 
method.  If  one  extracts  medulla  by  our  standard  method  the  product  is  toxic 
and  therefore  can  not  be  adequately  tested.  Substitution  of  benzol  for  ether 
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seems  to  remove  the  toxicity  but  the  yield  of  hormone  judging  from  experi¬ 
ments  on  cortex  alone  is  much  below  that  by  our  standard  method.  This  ex¬ 
plains  the  need  of  benzol  in  the  process  when  whole  glands  are  used. 

An  extract  was  prepared  using  commercial  CHCI3  as  a  purifying  solvent 
in  place  of  ether.  This  extract  gave  an  assay  similar  to  those  in  which  benzene 
was  used.  When  C.P.  ethyl  acetate  was  employed  as  a  purifying  solvent  the 
extract  compared  favorably  with  those  made  by  our  standard  procedure. 

It  has  also  been  found  that  the  70  per  cent  alcohol  step  may  be  eliminated 
by  adding  250  cc.  of  HjO  in  place  of  the  700  cc.  of  95  per  cent  alcohol.  The 
precipitate  is  separated  by  filtration  and  the  aqueous  filtrate  extracted  with 
ether  in  the  usual  manner.  The  procedure  follows  the  chart  from  this  point. 
Extracts  made  in  this  way  compare  favorably  with  those  made  by  our  regular 
method. 

The  loss  of  obtainable  hormone  must  be  known  in  order  to  determine  the 
efficiency  of  the  process.  It  was  found  that  10  per  cent  or  less  of  the  obtainable 
hormone  remained  in  the  cortex  mass  after  one  extraction  with  alcohol.  A 
second  extraction  of  the  cortex  would  increase  the  ratio  of  foreign  material  to 
hormone,  increase  the  time  required  for  distilling  off  solvent  and  increase 
the  amount  of  solvents  used  for  purification.  Because  of  these  facts  we  be¬ 
lieve  it  advisable  to  make  only  one  alcohol  extract  of  the  ground  cortex.  The 
total  amount  of  cortin  in  the  residues  of  the  other  discarded  fractions  is  ap¬ 
parently  negligible. 

Each  method  or  variation  was  run  2  or  more  times  and  assayed  1  or  more 
times  with  a  variation  of  less  than  25  per  cent  from  the  average. 

Other  Factors  in  Purification.  As  already  pointed  out  excessive  concentra¬ 
tion  of  residues  during  distillation  is  to  be  avoided.  If  this  precaution  is 
observed  material  which  may  spatter,  immediately  runs  back  into  the  main 
body  of  the  extract  without  drying  on  the  sides  of  the  flask.  The  temperature 
of  the  water  bath  surrounding  the  flask  is  never  allowed  to  go  above  45 °C. 
The  optimum  temperature  is  42-43°  when  one  considers  the  speed  of  dis¬ 
tillation  on  the  one  hand  and  the  danger  of  drying  of  the  spattered  material 
on  the  flask,  on  the  other.  Before  these  precautions  were  appreciated  and 
material  was  permitted  to  dry  on  the  flask  or  the  residue  was  reduced  to  very 
small  volume,  the  yield  of  cortin  was  reduced  to  1  /5  of  the  possible  yield. 
We  now  arrange  our  apparatus  so  that  there  is  a  steady  flow  of  new  extract 
into  the  flask,  determined  by  the  rate  of  distillation.  This  constant  stream 
breaks  the  surface  of  the  liquid  and  prevents  bumping  and  super-heating. 
When  distilling  the  ether,  the  temperature  of  the  water  bath  is  never  allowed 
to  rise  above  40  °C.  Otherwise  the  precautions  are  the  same  as  for  alcohol 
distillation.  The  alcoholic  extract  from  the  ground  cortex  may  be  chilled  at 
— 20°C.  and  the  precipitated  lipids  filtered  off.  Such  a  step  reduces  the  time 
required  for  distillation  and  makes  the  following  purification  easier. 

PREPARATION  OF  A  GLYCEROL  EXTRACT 

Fresh  ground  cortex  and  glycerol  (U.S.P.)  are  allowed  to  stand  at  a 
temperature  of  4°C.  for  several  days.  This  material  is  thoroughly  shaken  from 
time  to  time.  Alcohol  equal  to  the  volume  of  glycerol  is  added  and  after 
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thorough  shaking  the  glycerol-alcohol  extract  is  filtered  at  4°C.  This  extract 
is  allowed  to  stand  at  — 20°C.  for  a  week  or  more.  The  precipitate  which 
forms  at  this  low  temperature  is  separated  by  filtration.  Filtration  requires 
about  one  day.  The  filtrate  is  removed  to  a  temperature  of  about  25°C.  for 
12  to  18  hours.  An  additional  precipitate  forms.  This  is  removed  by  filtra¬ 
tion.  The  filtrate  is  then  passed  slowly  through  a  tower  containing  crystallite 
previously  washed  by  acid  and  alcohol  as  described  in  the  method  for  pre¬ 
paring  an  aqueous  extract.  Finally  the  extract  remaining  in  the  crystallite  is 
washed  out  by  alcohol.  The  proportions  are:  3  kg.  cortex  to  3  liters  of  glycerol; 
3  liters  of  95  per  cent  alcohol  to  dilute  the  glycerol;  3  kg.  of  crystallite  and  3 
to  6  liters  of  95  per  cent  alcohol  to  wash  same. 

The  extract  and  washings  are  combined.  The  alcohol  is  removed  by  dis¬ 
tillation  in  vacuo  in  a  water  bath  held  at  42-43°C.  Distillation  is  continued 
until  most  of  the  alcohol  has  been  removed,  as  indicated  by  slow  discharge 
from  the  condenser.  The  residue  is  bottled  and  kept  cold  until  used.  The  final 
glycerol  extract  contains  the  product  of  about  1.5  gm.  of  cortex  per  1  cc. 

Most  glycerol  extracts  contain  all  of  the  epinephrin  and  all  or  a  consider¬ 
able  amount  of  the  gland  tissue.  This  method  removes  80  to  90  per  cent  of 
the  epinephrin  present.  (When  not  treated  with  crystallite  the  extract  contains 
about  1:500  epinephrin  while  treatment  with  crystallite  reduces  it  to  1:5,000- 
10,000;  the  epinephrin  content  was  assayed  by  the  intestinal  strip  method.) 
All  tissue  and  some  precipitated  matter  as  well  as  substances  taken  up  by  the 
crystallite  are  removed. 

Glycerol  extract  has  been  found  particularly  useful  in  early  Addison’s 
disease  or  early  adrenal  insufiiciency.  It  is  not  effective  in  later  stages.  It  is 
cheaper  to  prepare  and  keeps  better  than  the  aqueous  extract.  The  oral  method 
of  administration  which  glycerin  requires  is  also  easier. 

SUMMARY 

The  addition  of  NaCl  to  the  ordinary  diet  of'  adrenalectomized  cats  re¬ 
duces  the  cortin  requirement  many  fold.  A  cat  unit  is  defined  as  the  amount 
of  hormone  required  daily  to  maintain  an  adult  adrenalectomized  cat  in  good 
health  (without  NaCl  supplement).  Among  acetone,  benzol,  ethyl  ether  and 
ethyl  alcohol,  ethyl  alcohol  gives  by  far  the  greatest  yield  of  cortin  when  used 
to  extract  the  glands.  Ethyl  ether  and  ethyl  acetate  seem  to  be  better  solvents 
than  commercial  benzol  and  chloroform  for  purification.  It  is  extremely  im¬ 
portant  to  avoid  great  concentration  of  residues  in  order  to  prevent  spattering 
and  drying  of  material  on  the  distillation  flask.  An  outline  for  the  preparation 
of  an  aqueous  extract  is  given.  A  glycerol  extract  from  which  a  large  propor¬ 
tion  of  epinephrin  is  removed  is  described.  The  latter  has  the  advantage  of 
being  simpler  to  prepare  and  easier  to  administer. 
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THE  GENESIS  OF  THYROID  PROTEIN:  CLINICAL  ASSAYS  OF 
ARTIFICIAL  THYROID  PROTEIN  IN  HUMAN  MYXEDEMA^ 


W.  T.  SALTER  and  J.  LERMAN 

From  the  Huntington  Memorial  Hospital  of  Harvard  University  and  the  Thyroid 
Clinic  of  the  Massachusetts  General  Hospital 
BOSTON,  MASSACHUSETTS 

A  Striking  feature  of  iodine  therapy  in  thyroid  hyperplasia  is  the  rapid 
increase  in  the  amount  of  colloid  stored  within  the  gland.  Associated  with  the 
fixation  of  iodine,  as  Marine  and  Williams  ( 1 )  and  others  have  shown,  there 
occurs  a  rapid  deposition  of  thyroglobulin,  which  is  the  characteristic  protein 
of  this  endocrine  organ.  Nearly  all  of  the  organic  iodine  in  the  gland  can  be 
extracted  and  isolated  in  the  form  of  this  protein  ( 2 ) .  At  first,  according  to 
Gutman,  Benedict,  Baxter  and  Palmer  (3),  little  thyroxin  is  stored;  most  of 
the  newly  deposited  iodine  probably  consisting  of  diiodotyrosine  in  peptide 
linkage  (4).  Subsequently,  as  more  iodine  is  deposited  in  the  gland,  the 
proportion  of  thyroxin  becomes  larger.  Nevertheless,  the  newly  deposited 
iodine  appears  to  be  quite  as  active  calorigenically  as  thyroxin  iodine  (5,  6) 
when  tested  on  myxedematous  human  subjects.  This  paper*  attempts  to  adduce 
chemical  and  clinical  evidence  as  to  the  mechanism  by  which  inorganic  iodine 
becomes  incorporated  into  an  active  thyroid  hormone  (7,  8). 

PLAN  OF  STUDY 

The  procedure  consisted  in  administering  artificial  iodine-containing  prepa¬ 
rations  in  standard  daily  dosage  to  myxedematous  individuals.  From  previous 
work  (9)  it  was  known  that  the  response  in  basal  metabolic  rate  of  such 
patients  could  be  used  to  gauge  quantitatively  the  activity  of  the  medication 
employed.  The  substances  chosen  for  administration  were  3 :  d)  a  preparation 
made  from  horse  serum  and  iodine;  an  iodine-containing  preparation  made 
from  the  non-thyroxin  fraction  of  human  thyroglobulin;  and  r)  an  artificial 
protein  made  by  enzymic  synthesis  from  this  latter  substance,  b).  The  source 
of  each  of  these  preparations,  therefore,  was  free  from  thyroxin  or  nearly  so. 
The  latter  2  preparations  were  related  to  each  other  as  shown  in  figure  1. 
A  description  of  the  3  preparations  follows. 

CHEMICAL  PREPARATIONS 

A)  Artificial  protein  from  iodinated  horse  serum.  An  iodinated  horse 
serum  was  prepared  according  to  the  directions  of  Wormall  (10).  Briefly,  the 

*  This  work  was  aided  by  a  grant  from  the  International  Cancer  Research  Foundation,  and  the  Ella 
Sachs  Plob  Foundation. 

Read  before  the  Twentieth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Kansas  City,  Mo.,  May  12.  1936. 

^lliese  data  are  complementary  to  chemical  data  which  appeared  in  the  paper  by  Salter  and  Pear- 
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procedure  consisted  in  treating  horse  serum  with  elementary  iodine  under 
appropriate  conditions,  which  attach  iodine  to  the  serum  protein.  As  a  result, 
one  obtained  an  iodo-protein  preparation  in  which  the  iodine  was  organically 
bound  as  an  integral  part  of  the  albuminous  substance.  Such  preparations  are 
ordinarily  inert  when  administered  to  mammals  (11),  but  Abelin  has  recently 
reported  (12)  that  boiling  with  alkali  will  activate  them  to  a  certain  extent. 
Accordingly,  our  iodinated  horse  protein  was  digested  with  pepsin,  and  after 
removal  of  unchanged  protein  by  heat  coagulation,  the  resulting  iodo-peptone 
was  concentrated  in  vacuo.  Pepsin  was  again  employed  to  produce  peptic 
synthesis  as  described  below.  The  effect  was  to  recombine  certain  fragments 


of  the  proteolytic  split  products  and  there  resulted  an  artificial  iodine- 
containing  protein.  This  artificially-made  colloid  contained  15  per  cent  nitro¬ 
gen  and  3.2  per  cent  iodine. 

B)  Diiodotyrosine  peptone  from  human  thyro globulin.  When  a  thick 
paste  of  purified  human  thyroglobulin  (i.e.,  colloid)  suspended  in  dilute 
hydrochloric  acid  is  digested  with  pepsin  at  37°C,  Harington  and  Salter  (13) 
found  that  digestion  is  practically  at  an  end  in  72  hours.  At  that  time  un¬ 
changed  protein  and  higher  proteoses  can  be  removed  by  heat-coagulation  and 
precipitation  with  70  per  cent  acetone  or  with  alcohol-acetone  mixtures. 

The  solution  can  also  be  cleared  of  protein  by  filtration  under  pressure  through  a 
membrane  suitably  chosen  for  ultrafiltration  of  large  molecules.®  The  thyroxin- 

•  For  this  purpose  we  have  used  the  No.  501  high  pressure  apparatus  obtained  through  Waltz  and 
Bauer.  Inc.  (N.Y.).  employing  a  pressure  of  50  to  100  atmospheres  of  nitrogen  gas,  with  cellophane. 
No.  300  (plain),  as  the  membrane. 
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containing  moiety  of  the  peptone  can  be  removed,  as  shown  by  Harington  and 
Salter  (13),  by  isoelectric  precipitation. 

There  results,  after  concentration  under  reduced  pressure,  a  solution  of 
peptone  containing  iodine  in  organic  combination;  the  iodine-bearing  amino 
acid,  according  to  Harington  and  Randall  (4)  and  Foster  (14),  is  probably 
diiodotyrosine  linked  to  the  peptone  chain.  The  dried  material  contains  0.1 
per  cent  iodine  and  14  per  cent  nitrogen.  It  usually  comprises  over  two-thirds 
of  the  total  iodine  in  human  glands  in  a  non-goitrous  district.  Hitherto,  this 
fraction  has  been  neglected  and  discarded  because  it  was  presumed  to  be 
physiologically  inert  (4,  15). 

In  the  present  work,  2  types  of  excised  human  goitre  were  used  as  the 
source  of  hormone,  i.e.,  non-toxic  adenomatous  goitre  (multiple  colloid 
adenomatous,  so-called)  and  the  hyperplastic  glands  from  individuals  with 
exophthalmic  goitre  receiving  iodine  before  operation. 

C )  Artificial  protein  prepared  by  enzymic  synthesis.  From  the  diiodoty¬ 
rosine  preparation  just  described,  an  artificial  protein  can  be  obtained  by 
the  use  of  pepsin.  The  enzyme  is  allowed  to  act  under  conditions  which  reverse 
the  digestive  process.  The  result  is  an  albuminous  colloid,  of  high  molecular 
size,  which  resembles  in  several  features  the  natural  thyroglobulin.  It  contains 
approximately  0.2  per  cent  iodine  and  14  per  cent  nitrogen.  Peculiarly  enough, 
it  also  contains  an  iodine  moiety  which  after  hydrolysis  of  the  protein,  behaves 
chemically  like  the  thyroxin  moiety  in  natural  thyroglobulin. 

In  short,  enzymic  synthesis  in  vitro  has  yielded  a  product  which  closely 
resembles  the  'colloid’  laid  down  by  natural  processes  in  vivo.  The  preparation 
and  properties  of  this  artificial  human  protein  have  been  described  in  detail 
elsewhere  (l6). 


CLINICAL  ASSAY 

The  response  of  individuals  suflFering  from  frank  spontaneous  myxedema 
was  used  to  test  the  potency  of  these  iodine-containing  albuminous  substances. 
A  positive,  marked  metabolic  effect  would  be  presumptive  evidence  that  our 
artificial  synthesis  had  approximated  natural  transformations  which  occur  in 
the  economy  of  the  body.  In  judging  the  effectiveness  of  the  medication  3 
criteria  were  employed:  a)  the  rapidity  of  the  calorigenic  response  as  de¬ 
scribed  by  Salter,  Lerman,  and  Means  {9)\b)  the  relief  of  clinical  symptoms; 
in  some  instances,  in  addition,  c)  the  appearance  of  creatinuria  as  described 
by  Palmer  (17)  and  by  Shorr  and  Richardson  (18).  Of  these  criteria,  the 
first  was  considered  of  greatest  quantitative  importance  in  the  determination 
of  physiologic  activity. 

A  uniform  daily  dosage  containing  0.5  mg.  of  iodine  was  relied  upon  for 
comparison  with  known  effects  produced  by  standard  thyroid  preparations 
as  described  previously  (9).  Insoluble  material  was  dissolved  in  dilute  alkali 
prior  to  administration  by  mouth. 

A )  Artificial  protein  from  iodinated  horse  serum.  Only  1  patient  was  used 
to  test  this  substance,  which  yielded  a  negative  result  even  though  the  daily 
dose  was  increased  to  5  times  the  standard  amount  (i.e.,  up  to  2.5  mg.  of 
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iodine  daily).  Nevertheless,  this  patient  subsequently  made  a  characteristic 
response  to  U.S.P.  desiccated  thyroid.  From  the  ineflfectiveness  of  this  prepara¬ 
tion  one  must  infer  that  the  mere  presence  of  iodine,  organically-bound,  is 
not  sufficient  to  endow  an  artificial  protein  with  the  power  to  relieve  myxedema. 
In  short,  the  iodine  must  be  present  in  a  specific  chemical  form. 

B)  Diiodotyrosine  peptone  from  human  thyro globulin.  When  adminis¬ 
tered  in  standard  dosage  (i.e.,  0.5  mg.  of  iodine  daily)  to  5  patients,  this 
substance  failed  to  produce  an  imequivocal  metabolic  response.  When  used 
in  larger  dosage,  however,  3  patients  made  a  definite  response,  as  judged 
both  by  clinical  and  calorigenic  findings.  At  first  glance,  these  results  would 
seem  to  agree  with  Hutchison’s  (11)  obtained  over  30  years  ago:  "The 
soluble  albumoses  were  active  but  in  a  very  feeble  degree”  (in  "a  well  marked 
case  of  myxedema”).  These  results  are  shown  in  figure  2. 


Before  j  Durinq  Druq  Administration  Before  !  During  Drug  Administration 


Fig.  2.  The  calorigenic  responses  of  3  patients  with  SMntaneous  myxedema  to  daily  oral  doses  of 
diiodo^rosine  peptone  (containing  2.i  to  3.0  mg.  of  total  iodine)  which  had  been  freed  of  thyroxin 
peptone  and  uiYroglobulin  by  the  usual  chemical  procedures.  The  heavy  solid  line,  also  present  in 
figures  3  and  4,  is  the  standard  response  to  daily  doses  of  1.0  mg.  of  natural  thyroxin  polypeptide  (O.J  mg. 
total  iodine). 

Fig.  3.  The  calorigenic  responses  of  3  patients  with  spontaneous  myxedema  to  daily  oral  doses  of 
artificial  protein  (containing  0.3  mg.  of  total  iodine).  Two  patients  received  protein  made  from  diiodotyrosine 
peptone  which  had  undergone  ultrafiltration  (solid  lines  and  solid  triangles)  ;  the  other  3  received  protein 
made  from  diiodotyrosine  peptone  which  had  been  freed  of  thyroxin  peptone  and  thyroglobulin  by  the 
usual  chemical  procedures. 

Ultra- filtered  peptone.  Is  this  activity  of  diiodotyrosine  peptone  in  large 
doses  due  to  an  impurity  or  to  the  peptone  per  se?  The  diiodotyrosine  peptone 
used  in  these  3  assays  showed  on  chemical  analysis  (16)  that  only  4,  3  and 
4  per  cent,  respectively,  of  the  total  iodine  could  be  present  as  thyroxin.  Were 
this  present  in  the  form  of  thyroglobulin  (dissolved  in  peptone  solution), 
however,  it  might  account  for  the  activity  of  the  peptone  when  given  in  large 
doses. 

Accordingly  the  diiodotyrosine  solution  was  filtered  through  ’cellophane’ 
membranes  under  75  atmospheres’  pressure.  'The  filtrate  when  administered  to 
3  patients  in  a  dose  containing  2.5  to  3.5  mg.  of  iodine  daily  (i.e.,  5  to  7  times 
the  standard  dosage),  failed  to  produce  a  response.  One  of  these  patients 
subsequently  received  unfiltered  peptone  in  a  daily  dose  of  3.0  to  3.5  mg.  of 
iodine,  and  made  a  satisfactory  recovery  as  shown  by  the  interrupted  line  in 
figure  2.  'The  other  2  patients  subsequently  received  artificial  protein  prepared 
from  this  ultrafiltered  peptone  in  standard  dosage  (0.5  mg.  of  iodine  daily). 
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These  2  patients  made  the  expected  response*  as  described  in  the  following 
section,  and  illustrated  in  figure  3  (solid  lines  and  solid  triangles). 

These  observations,  therefore,  indicate  that  diiodotyrosine  peptone  when 
pure  has  a  negligible  eflFect  in  human  myxedema. 

C )  Artificial  protein  prepared  by  enzymic  synthesis.  The  artificial  protein 
was  tested  in  standard  iodine  dosage  on  6  patients,  all  of  whom  gave  undeni¬ 
able  evidence  of  improvement.  As  shown  in  figure  3,  5  of  the  results  approxi¬ 
mated  the  standard  response  obtained  with  thyroxin  polypeptide  (9)  in  equi- 
iodine  dosage.  The  recovery  rate  averaged  2.6  points  per  day  as  against  2.5 
points  for  the  standard.  Another  positive  response  was  obtained  from  the 
artificial  protein  but  it  was  not  of  quantitative  significance.  The  subject  was 
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Fig.  4.  The  calorigenic  response  of  1  patient  with  myxedema  to  daily 
oral  doses  of  the  thyroxin-like  fraction  obtained  from  artificial  protein 
hy  alkaline  hydrolysis.  The  arrow  indicates  where  the  dosage  was  changed 
from  0.3  mg.  of  total  iodine  to  1.0  mg.  of  total  iodine. 

mildly  myxedematous  following  thyroidectomy,  and  was  studied  in  anticipa¬ 
tion  of  obtaining  only  a  qualitative  result.  Consequently,  the  metabolic  data 
are  not  charted.  In  this  case,  also,  the  clinical  symptoms  definitely  improved. 

Of  the  cases  charted  in  figure  3,  three  represent  patients  treated  with  arti¬ 
ficial  protein  made  from  diiodotyrosine  peptone  prepared  as  described  early  in 
this  paper.  The  other  two  (illustrated  by  solid  lines  and  solid  triangles) 
represent  patients  treated  with  artificial  protein  made  from  ultra-filtered  pep¬ 
tone  as  just  described. 

Figure  4  shows  the  calorigenic  response  made  by  a  markedly  myxedematous 
patient  to  the  thyroxin-like  moiety  of  the  artificial  protein,  obtained  after 
drastic  alkaline  hydrolysis  (see  fig.  1).  A  complete  recovery  was  not  obtained 
in  this  patient  imtil  twice  the  standard  dose  was  administered  daily  (indicated 
by  arrow).  Inasmuch  as  the  drastic  chemical  hydrolysis  would  be  expected 
to  transform  at  least  a  portion  of  the  acid-insoluble  fraction  into  free  thyroxin, 
this  substandard  effect  was  to  be  expected,  because  free  thyroxin  usually  gives 
little  effect  when  administered  by  mouth, 

*  Throitgh  the  courtesy  of  Dr.  W.  W.  Palmer  and  Dr.  G.  P.  I.eland,  the  ultra-filtered  peptone  and  the 
artificial  protein  prepared  therefrom  were  assayed  in  normal  guinea-pigs.  The  results  are  to  be  reported 
elsewhere. 
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The  soluble  portion  resulting  from  drastic  alkaline  hydrolysis  (cf.  fig. 
1 )  failed  in  2  patients  to  produce  any  eflFect  in  standard  dosage. 

DISCUSSION 

It  must  be  emphasized  that  the  preparations  here  described  were  assayed, 
not  in  laboratory  animals,  but  in  man.  Furthermore,  the  human  individuals 
studied  were  athyreotic.  Accordingly,  due  caution  must  be  exercised  in  compar¬ 
ing  these  observations  with  data  obtained  with  laboratory  animals  or  with 
normal  human  beings.  In  such,  diflPerent  results  might  be  obtained. 

Our  observations  in  human  myxedema  indicate  that  by  enzymic  action  an 
artificial  protein  has  been  synthesized  which  possesses  marked  metabolic  activ¬ 
ity.  The  chief  biological  interest  in  this  fact  lies  in  the  source  of  the  material — 
the  diiodotyrosine  peptone.  This  fraction  of  the  thyroglobulin  molecule  has 
hitherto  been  thought  to  be  inert  (19),  and  procedures  for  assay  of  pharma¬ 
cological  activity  (20)  have  been  suggested  which  ignore  this  part  of  the  iodine 
in  designating  the  potency  of  thyroid  preparations.  Thus,  two-thirds  of  the 
iodine  in  thyroid  is  neglected  or  discarded.  The  marked  activity  of  the  artificial 
protein,  however,  confirms  the  finding  of  Means,  Lerman  and  Salter  ( 5 )  that 
in  the  treatment  of  human  myxedema  this  acid-soluble  fraction  has  full  calori- 
genic  activity  when  in  natural  protein  combination.  Forty  years  ago  Hutchison 
(21)  wrote:  "In  other  words,  the  colloid  matter  is  active  as  a  whole,  not 
merely  in  part.” 

The  single  amino  acid  diiodotyrosine  contributes  all  of  the  iodine  in  this 
acid-soluble  fraction  according  to  Harington  and  Randall  (4).  This  finding 
is  striking,  because  there  is  general  agreement  that  the  pure,  isolated  diiodo¬ 
tyrosine  is  essentially  inert  in  mammals  (22).  Even  when  exceedingly  large 
doses  were  administered  to  man,  Thompson  and  his  collaborators  obtained 
only  an  equivocal  eflFect  (23,  24) . 

The  clinical  observations  described  in  the  present  report,  moreover,  indi¬ 
cate  that  when  diiodotyrosine  is  found  combined  in ’peptide  linkage  with  other 
amino  acids  in  a  long  chain  (to  form  a  natural  peptone),  it  still  fails  to  show 
significant  biological  activity  when  care  is  taken  to  remove  traces  of  thyroglobu¬ 
lin  impurity.  Nevertheless,  when  several  such  peptone  chains  are  re-combined 
(by  peptic  synthesis)  to  form  a  molecule  of  colloidal  dimensions,  the  resulting 
artificial  protein  is  as  active  as  the  natural  colloid,  in  which  a  considerable  part 
of  the  iodine  consists  of  thyroxin.  Furthermore,  this  artificial  protein  has  many 
of  the  characteristics  of  natural  colloid,  both  chemical  and  physiological.  The 
evidence  for  chemical  similarity  is  reported  elsewhere  ( 16) .  The  present  report 
demonstrates  that  even  the  split  products  of  both  the  artificial  and  the  natural 
protein  have  similar  biological  eflFects. 

Quantitative  evidence  for  the  artificial  production  of  thyroid  activity.  The 
possible  presence  of  traces  of  thyroxin  impurity  in  the  diiodotyrosine  prepara¬ 
tions  makes  it  essential  to  control  carefully  this  source  of  error.  Accordingly, 
an  arithmetical  balance  sheet  is  given  to  answer  two  pertinent  questions:  a) 
Could  the  eflFect  of  artificial  protein  represent  merely  a  quantitative  precipita¬ 
tion  of  thyroxin  impurity  from  the  solution  of  diiodotyrosine  peptone?  and  b ) 
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Could  the  effect  of  artificial  protein  be  accounted  for  by  its  thyroxin-like  frac¬ 
tion  alone?  The  answers  to  these  questions  are  given  in  the  2  calculations  below. 
For  purpose  of  calculation,  ultrafiltered  diiodotyrosine  peptone  (described 
in  table  3,  preparation  V,  of  the  paper  by  Salter  and  Pearson,  16)  is  used. 
Our  figures  for  the  apparent  thyroxin  iodine  were  1  per  cent  of  the  total 
iodine  in  the  diiodotyrosine  peptone  and  13  per  cent  in  the  artificial  protein. 
Prof.  G.  L.  Foster  kindly  checked  these  values  and  obtained  2,1  per  cent  and 
12.5  per  cent  respectively. 

Calculation  I.  Granting  a  2  per  cent  thyroxin  impurity  in  our  diiodotyrosine 
peptone,  the  dose  of  total  iodine  required  to  give  a  standard  0.5  mg.  amount  of 
...  0.5 

thyroxin  iodine  daily  would  be  ^  =  25  mg.  From  such  a  25  mg.  portion  there 

was  obtained  a  15  per  cent  yield  in  the  form  of  artificial  protein,  i.e.  3.75  mg.  of 

3.75 

iodine.  Thus,  the  actual  yield  obtained  was  sufficient  to  treat  ^  =  7 -f  patients 

instead  of  1.  Consequently,  mere  precipitation  of  a  thyroxin  impurity  could  not 
account  for  the  observed  activity  obtained  by  enzymic  synthesis. 

Calculation  11.  The  standard  daily  dose  of  artificial  protein  used  contained  0.5 
mg.  of  total  iodine.  This  is  equivalent  to  0.5  x  0.125  =  0.06  mg.  of  thyroxin-like 

0.06 

iodine.  Accordingly,  we  administered  to  3  patients  as  stated  above  q-q^  =  3  mg., 

or  a  6-fold  daily  dose  of  diiodotyrosine  peptone  containing  0.06  mg.  of  possible 
thyroxin  iodine  impurity.  These  patients  showed  absolutely  no  relief. 

Furthermore,  when  thyroxin  peptone  itself  was  resorted  to  and  given  in  a  daily 
dose  of  0.5  X  0.15  =  0.07  mg.  of  iodine  to  a  patient  with  full-blown  mjocedema, 
there  was  practically  no  effect  or  at  best  a  debatable  one.  Consequently,  the  activity 
of  the  artificial  protein  was  much  greater  than  its  thyroxin-like  fraction  alone. 

The  effect  of  iodine  therapy,  interpreted  biochemically.  These  studies  also 
throw  light  upon  the  physiological  changes  induced  in  the  thyroid  when  iodine 
is  administered  to  a  patient  whose  thyroid  is  poor  in  colloid.  The  immediate 
effect  is  the  promotion  of  colloid  storage.  This  is  true  whether  iodine  is  given 
in  inorganic  (25)  or  organic  form  (26).  Under  such  circumstances,  large 
amounts  of  newly  formed  thyroid  protein  (i.e.,  colloid  or  thyroglobulin)  are 
stored  in  the  thyroid  follicles  (1).  The  present  observations  suggest  that  a 
relatively  simple  enzymic  synthesis  may  be  the  mechanism  by  which  this  new 
protein  is  formed.  They  suggest,  in  short,  that  the  therapeutic  effect  of  iodine 
is  indirectly  a  mass-law  phenomenon.  The  activity  of  autolytic  enzymes  in  the 
thyroid  gland  is  evident  soon  after  death:  in  view  of  the  reversibility  of 
enzyme  action,  may  not  these  same  proteases  be  responsible  for  the  building 
up  of  thyroglobulin  during  life? 

This  deduction  is  based  on  the  hypothesis  that  when  inorganic  iodine  is 
administered,  it  first  appears  in  a  chemical  form  similar  to  diiodotyrosine  pep¬ 
tone.  Were  this  true,  diiodotyrosine  peptone  might  be  considered  as  a  'pro¬ 
hormone’  (i.e.,  a  precursor)  in  the  same  sense  that  carotene  is  termed  a 
’pro-vitamin’  with  reference  to  Vitamin  A  or  ergosterol  with  reference  to  Vita¬ 
min  D.  It  seems  that  peptic  synthesis  of  the  artificial  protein  may  simulate  in 
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vitro  a  chemical  procedure  which  normally  occurs  in  the  living  thyroid  in  the 
course  of  the  natural  manufacture  of  thyroid  protein.  Interpreted  in  this  light, 
the  eflFect  of  iodine  therapy  is  to  favor  the  synthesis  and  deposition  of  hormone, 
rather  than  its  release. 

SUMMARY 

About  two-thirds  of  the  iodine  in  thyroglobulin  extracted  from  human 
glands  surgically  excised  in  a  non-endemic  goitre  district  (Boston)  is  not 
combined  as  thyroxin.  Nevertheless,  this  'inactive’  diiodotyrosine  fraction  is 
a  potential  source  of  active  hormone.  From  this  peptone  an  artificial  protein  can 
be  built  up  by  enzyme  action  so  directed  as  to  reverse  the  usual  digestive 
process.  The  artificial  protein  so  obtained  resembles  natural  thyroglobulin  in 
its  chemical  properties  and  clinical  effects. 

The  calorigenic  effectiveness  of  the  diiodotyrosine  peptone  fraction  of 
thyroid  after  appropriate  treatment  suggests  that  it  represents  a  chemical  pre¬ 
cursor  which  is  readily  transformed  into  active  thyroid  hormone  by  enzymes 
within  the  body. 

We  are  indebted  for  the  human  material  used  in  our  chemical  preparations  to  the  kind  co¬ 
operation  of  Dr.  Shields  Warren  of  the  New  England  Deaconess  Hospital,  Boston,  Massa¬ 
chusetts. 
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THE  INFLUENCE  OF  THE  INTAKE  OF  CALCIUM  ON  THE 
BLOOD  IODINE  LEVEL 
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NEW  YORK  CITY 

Our  present  conception  of  the  association  between  a  relative  iodine  in¬ 
sufficiency  within  the  body  and  the  initiation  of  goiter  (1,  2)  superseded 
numerous  hypothetical  explanations.  Of  the  latter,  the  theory  that  an  exqess 
of  calcium  in  the  drinking  water  is  a  goitrogenic  factor  was  advanced  as  an 
explanation  for  the  prevalence  of  thyroid  disease  in  people  living  on  geo¬ 
logical  formations  rich  in  limestone  (3,  4,  5).  This  hypothesis  fell  into  dis¬ 
repute  due  to  inadequate  experimental  confirmation.  In  recent  years,  investi¬ 
gation  of  nutritional  problems  has  revived  an  interest  in  the  relationship  of 
calcium  and  goiter.  Evidence  derived  from  feeding  experiments  has  been 
brought  forward  to  show  that  a  relative  iodine  deficiency  and  its  manifestations 
in  rats  are  enhanced  by  excess  dietary  calcium  (6,  7,  8).  The  reason  for  such 
a  response  is  not  clear.  Accordingly,  the  present  study  was  undertaken  in  an 
attempt  to  ascertain  whether  the  amount  of  calcium  in  the  diet  influenced  the 
level  of  iodine  in  the  blood. 

In  order  to  establish  such  a  relationship,  groups  of  young  rats  were  placed 
on  specific  synthetic  diets  in  which  there  was  a  variation  in  the  calcium-iodine 
ratio.  The  total  blood  iodine  and  serum  calcium  were  determined  at  definite 
intervals  over  a  period  of  7  months.  Should  it  be  fovmd  that  differences  in  the 
amount  of  calcium  in  diets  of  the  same  iodine  content  affect  the  blood  iodine 
level,  then  one  should  not  overlook  the  converse  relationship  when  calcium 
is  the  constant  and  iodine  the  variant. 

METHOD  OF  STUDY 

The  rats  were  kept  in  roomy  wire  cages  with  mesh  bottoms,  not  more 
than  5  animals  in  a  cage.  The  cages  were  frequently  washed  and  sterilized; 
no  bedding  was  used.  In  order  to  avoid  cross  contamination  with  iodine,  the 
experimental  groups  were  rvm  either  at  different  time  intervals  or  kept  in 
separate  and  remote  quarters. 

The  basic  diet  consisted  of  76  per  cent  ground  yellow  corn,  14  per  cent 
wheat  gluten,  6  per  cent  wheat  germ,  1  per  cent  sodium  chloride,  1  per  cent 
ID  ViosteroF  and  distilled  water.  Tomato  juice,  1  cc.  per  rat  per  day  was 
added.  This  food  by  analysis  was  found  to  contain  approximately  0.08  gm.  of 
calcium  and  0.003  mg.  of  iodine  per  100  gm.  The  above  basic  diet  was  used 
as  well  as  combinations  formed  by  the  addition  of  calcium  carbonate,  or 
potassium  iodide  or  both.  The  following  diets  were  employed:  Group  A — 

*  ID  viostecol  was  obtained  by  diluting  2J0D  viosterol  with  a  requisite  amount  of  com  oil. 
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basic  diet  (low  calcium-low  iodine);  Group  B — basic  diet  plus  3  per  cent 
CaCog  (high  calcium-low  iodine);  Group  C — basic  diet  plus  1.28  mg.  per 
cent  KI  (low  calcium-adequate*  iodine);  Group  D — basic  diet  plus  1.28  mg. 
per  cent  KI  plus  3  per  cent  CaCOg  (high  calcium-adequate*  iodine) ;  Group 
E — basic  diet  plus  3.84  mg.  per  cent  KI  (low  calcium-high  iodine);  Group 
F — basic  diet  plus  3.84  mg.  per  cent  KI  plus  3  per  cent  CaCOg  (high  calcium- 
high  iodine) .  As  much  food  and  water  as  the  animals  would  voluntarily  con¬ 
sume  was  given. 

At  1  month  of  age  540  rats  were  placed  on  these  various  diets.  A  number 
were  killed  at  monthly  intervals  over  a  period  of  7  months.  After  the  desired 
experimental  period  had  elapsed,  the  animals  were  etherized  and  incom¬ 
pletely  exsanguinated  by  bleeding  from  the  great  vessels  of  the  neck.  Pooled 
blood  was  collected  into  suitable  containers  for  iodine  and  calcium  estima¬ 
tions.  After  the  blood  had  clotted,  the  serum  was  pipetted  off.  The  calcium 
content  of  the  serum  was  determined  by  the  Kramer-Tisdall  method  (9). 
The  iodine  content  of  the  whole  blood  was  estimated  by  the  Perkin  method 
(10).  This  method  has  been  found  to  be  accurate,  with  an  error  of  less  than 
6  per  cent. 

RESULTS 

After  the  rats  had  been  on  the  experimental  diet  for  a  short  time,  diverse 
clinical  manifestations  developed.  The  signs  were  peculiar  to  certain  groups. 
In  animals  on  low  iodine  diets  (groups  A  and  B)  tlie  changes  observed  have 
been  detailed  in  previous  communications  (7,  8)  and  will  be  briefly  sum¬ 
marized  here.  In  general,  the  rats  presented  many  of  the  clinical  features  of 
exophthalmic  goiter  in  man,  namely,  increased  excitability,  increased  activity 
and  food  intake,  failure  to  gain  in  weight,  and  exophthalmos.  These  manifes¬ 
tations  were  more  marked  in  the  group  receiving  additional  calcium  in  the 
basal  diet  (group  B). 

Of  considerable  interest  were  the  signs  shown  by  the  rats  on  the  low 
calcium-high  iodine  regimen  (group  E).  During  the  4th  week,  practically 
all  the  rats  showed  excessive  lacrimation  associated  with  conjunctival  injec¬ 
tion  and  nasal  discharge.  These  characteristics  became  greatly  exaggerated 
during  the  6th  week.  The  eyelids  appeared  oedematous,  conjunctival  injec¬ 
tion  became  more  intense  associated  in  many  cases  with  engorgement  of  the 
corneal  vessels.  A  copious  seroexudate  overflowed  the  margins  of  the  lids. 
The  nasal  discharge  increased  in  amount  and  was  tinged  with  blood.  It  fre¬ 
quently  dried  about  the  nostrils  forming  reddish  brown  crusts.  In  addition, 
there  was  a  change  in  the  appearance  of  the  animals’  fur;  it  became  coarse, 
uneven  and  a  large  amount  was  shed.  Together  with  the  above  signs,  many 
of  the  rats  developed  a  mild  diarrhoea.  The  clinical  picture  presented  by  the 
experimental  rats  was  believed  to  resemble  iodism  in  man. 

In  a  few  instances,  the  condition  became  acute  and  death  resulted.  At 
autopsy,  the  most  outstanding  gross  finding  was  intense  engorgement  of  the 
gastro-intestinal  tract.  The  survivors  began  to  show  clinical  improvement  dur- 

*  The  term  'adequate'  was  used  purely  in  a  differential  sense.  It  is  not  meant  to  imply  that  the  addition 
of  1.28  mg.  per  cent  of  KI  to  a  diet  is  the  'normal'  requirement  for  rats. 
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ing  the  8th  week.  By  the  12th  to  the  14th  week,  all  manifestations  simulating 
iodism  had  subsided.  Throughout  the  remainder  of  the  experimental  period, 
the  rats  showed  no  clinical  changes  of  note. 

The  food  intake  of  the  above  mentioned  group  E  as  compared  with  that 
of  animals  receiving  a  diet  of  similar  iodine  content  supplemented  with  3 
per  cent  CaCOg  (group  F)  was  of  interest.  During  the  first  month,  the  con¬ 
sumption  of  both  groups  (E  and  F)  was  practically  the  same.  Gradually,  the 
food  intake  of  the  low-calcium  group  (E)  was  voluntarily  reduced.  At  the 


end  of  the  second  month,  the  intake  approximated  one-half  that  of  the  rats 
receiving  additional  calcium  (group  F).  This  relationship  persisted  through¬ 
out  the  remainder  of  the  experimental  period.  During  the  5th,  6th  and  7th 
months,  the  voluntary  intake  of  both  groups  was  considerably  reduced  over 
the  earlier  period. 

Rats  maintained  on  the  low-calcium,  adequate-iodine  diet  (group  C),  the 
high-calcium,  adequate-iodine  diet  (group  D)  and  the  high-calcium,  high- 
iodine  diet  (group  F)  showed  no  remarkable  clinical  findings  during  the 
course  of  the  experiment. 

The  average  iodine  content  of  the  whole  blood  expressed  in  micrograms 
per  cent,  taken  at  monthly  intervals  from  a  representative  number  of  the 
experimental  rats  in  each  group  has  been  charted  (see  graph).  It  will  be  seen 
that:  an  increased  intake  of  iodine  was  reflected  in  a  higher  level  of  iodine 

in  the  blood  (groups  E,F>D,C>A,B);  b)  the  addition  of  calcium  to  diets 
containing  the  same  amount  of  iodine  was  associated  with  a  relatively  lower 
blood-iodine  content  (groups  B<A;  D<C;  F<E).  This  reduction  assumed 
more  significance  in  view  of  the  fact  that  the  voluntary  intake  of  the  different 
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experimental  groups  on  high-caldum  regimens  was  proportionately  greater 
than  comparable  groups  on  diets  low  in  calcium. 

The  length  of  time  on  the  experimental  diets  in  relation  to  the  level  of 
iodine  in  the  blood  was  significant.  As  indicated  in  the  graph,  the  blood  iodine 
of  rats  on  low-iodine  and  adequate-iodine  diets  (groups  A,B,C,D)  was 
maintained  at  a  fairly  constant  level  throughout  the  entire  experimental  period. 
In  contrast,  the  time  factor  was  important  in  the  high-iodine  groups  (E,F). 
Analysis  showed  a  slight  increase  in  the  iodine  level  from  the  first  to  the 
3rd  months;  during  the  4th  month  there  was  a  rapid  rise  to  almost  3  times 
the  former  values.  In  the  low-calcium  group  (E),  this  high  level  persisted 
throughout  the  remainder  of  the  experimental  period.  The  high-calcium 
group  (F)  showed  a  gradual  increase.  In  connection  with  the  change  in  the 
level  of  blood  iodine  occurring  in  the  rats  on  high-iodine  diets  (groups  E,F), 


Table  1.  Serum  calcium  values. 


No.  of 
Determi¬ 
nations^ 

25 
20 
18 
21 
35 
21 

*  In  making  the  estimations,  the  pooled  serum  from  2  rats  was  used. 

*  9-11  oig.  %  has  been  considered  the  normal  range  in  rats  (11). 

it  was  of  interest  that  the  period  of  greatest  gain  in  weight  and  food  con¬ 
sumption  corresponded  with  the  finding  of  the  lower  blood-iodine  values. 
With  cessation  of  growth  and  decreased  food  intake,  the  blood  iodine  in¬ 
creased.  Although  the  height  of  the  blood  iodine  in  the  low-calcium  group 
(E)  from  the  4th  to  the  7th  month  was  relatively  higher  than  the  group  on 
the  high-calcium  diet  (group  F),  the  intake  of  the  rats  on  low  calcium  was 
comparatively  greatly  diminished.  From  the  present  findings,  it  would  appear 
that  beyond  certain  limits  no  close  relation  existed  between  the  iodine  con¬ 
sumed  and  the  amount  of  blood  iodine. 

The  serum  calcium  from  a  representative  number  of  animals  in  each  age 
group  was  determined.  The  findings  are  shown  in  table  1.  Comparative 
study  of  the  results  showed  that  the  serum  calcium  in  rats  on  low-calcium 
regimens  was  slightly  lower  (1  mg.  per  cent)  in  the  groups  receiving  addi- 


Dict 


Low-calcium,  low-iodine 
(group  A) 

Low-calcium,  adequate-iodine 
(group  C) 

Low-calcium,  high-iodine 
(group  E) 

High-calcium,  low-iodine 
^roup  B) 

High-calcium,  adequate-iodine 
(group  D) 

High-calcium,  high-iodine 
(^up  F) 


Serum 

Calcium 

nig.% 


H 


Range  of 
Serum 
Calcium 
Values 
nig.% 

%of 
Values 
within  the 
Range  of 
9-11  mg.%* * 

%of 

Values 

exceeding 

11.5  mg.% 

48 

0 

6.2-  8.3 

0 

0 

6.2-  8.5 

0 

0 

9.9-12.5 

56 

44 

9.5-12.5 

80 

20 

9.5-12.0 

86 

24 
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tional  iodine  with  none  presenting  normal  values,  9-11  mg.  per  cent  being 
taken  as  the  "norm”  (11).  The  average  serum  calcium  was  approximately 
the  same  in  rats  on  diets  high  in  calcium.  In  the  groups  receiving  additional 
iodine,  a  smaller  percentage  gave  values  slightly  increased  above  the  normal. 
From  the  above  findings,  it  would  appear  that  there  was  a  tendency  toward 
a  lower  serum  calcium  in  animals  receiving  additional  iodine  in  their  food. 

DISCUSSION 

Recent  investigations  have  demonstrated  that  a  greater  and  more  rapid 
increase  in  the  size  of  the  thyroid  gland  as  well  as  more  marked  hyperplasia 
was  initiated  in  rats  through  the  addition  of  CaCOg  to  a  low-iodine  diet  (6, 
7,  8).  The  response  was  considered  indicative  of  a  relatively  greater  iodine 
deficiency  within  the  body.  This  hypothesis  was  confirmed  by  chemical  esti¬ 
mations  of  blood  iodine  in  the  present  study  in  rats  on  low-iodine  diets 
(B<A).  Additional  evidence  is  presented  to  show  that  the  intake  of  cal¬ 
cium  affects  the  blood  iodine.  Compared  with  the  blood-iodine  values  of  the 
low-calcium  controls,  the  blood-iodine  level  was  invariably  lower  in  the 
animals  receiving  supplemental  calcium  in  diets  either  adequate  (so-called) 
or  high  in  iodine  (D<C:  F<E).  In  so  far  as  an  analogy  is  permitted,  one 
would  conclude  that  a  correlation  exists  between  the  hypothesis  of  iodine 
deficiency  and  excess  of  calcium  relative  to  the  incitation  of  goiter. 

Hellwig  has  reported  that  the  serum  calcium  of  rats  on  a  diet  high  in 
calcium  and  in  iodine  is  reduced  by  one-half  of  that  with  a  diet  of  the  same 
calcium  content  but  low  in  iodine  (12).  In  the  present  study,  the  findings 
were  not  so  radical.  The  wide  variations  found  in  animals  on  the  same  regimen 
are  difficult  to  explain.  In  the  low-calcium  groups  where  iodine  was  added 
to  the  diets,  the  serum-calcium  values  consistently  fell  below  the  normal  range. 
In  comparative  groups  on  diets  of  high-calcium  content,  the  addition  of 
iodine  lowered  the  percentage  of  increased  serum-calcium  values,  whereas  the 
average  serum-calcium  findings  within  both  the  high-  and  low-calcium  groups 
showed  little,  if  any,  difference.  As  is  well  known,  a  great  depletion  in  the 
calcium  reservoirs  of  the  body  may  take  place  prior  to  any  demonstrable 
change  in  the  level  of  the  serum  calcium.  In  some  unpublishecl  results,  chemi¬ 
cal  analysis  has  shown  that  the  calcium  content  of  the  bone  ash  and  the  fat- 
free  bones  is  reduced  in  rats  on  high-iodine  diets  in  comparison  with  controls 
receiving  smaller  amounts.  Therefore,  the  present  trend  toward  lower  serum- 
calcium  values  was  considered  significant. 

In  man,  the  administration  of  iodine  preparations  is  frequently  associated 
with  the  development  of  iodism  (13,  14,  15).  The  dosage  giving  rise  to  such 
a  condition  varies  with  the  individual  and  the  compound  used.  Cure  may 
occur  spontaneously  or  be  effected  by  reducing  or  increasing  the  dose  in 
patients  receiving  KI.  Numerous  ingenious  hypotheses  have  been  advanced 
to  explain  the  mechanism  involved  but  none  have  been  adequately  estab¬ 
lished.  The  signs  of  a  condition  r-esembling  iodism  in  rats  on  the  low- 
calcium,  high-iodine  diet  (group  E)  were  manifest.  Their  absence  in  the 
high-calcium  group  (F)  indicated  that  calcium  acted  as  a  preventative.  This 
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experimental  finding  lends  credence  to  the  clinical  observations  of  Velden 
who  reported  that  the  catarrhal  phenomena  of  iodism  could  be  suppressed  by 
large  doses  of  calcium  lactate  ( 16) . 

If  the  prevalent  view  that  iodism  is  associated  with  an  increased  elimina¬ 
tion  of  iodine  by  the  tears,  secretions  of  the  respiratory  mucous  membranes 
and  skin  be  true,  it  follows  that  an  excess  of  iodine  in  the  blood  is  likely.  So 
far  as  I  am  aware,  this  assumption  has  not  been  confirmed  by  chemical  esti¬ 
mations  of  the  blood  iodine  before,  during  and  following  an  attack.  For 
this  reason,  it  was  thought  that  some  insight  into  the  problem  might  be 
gained  by  an  analysis  of  the  present  data.  As  has  been  detailed  above,  signs 
resembling  iodism  developed  during  the  4th  week  in  the  group  of  rats  on 
the  low-calcium,  high-iodine  diet  (group  E).  Up  to  the  6th  week,  the  con¬ 
dition  became  progressively  more  acute.  Spontaneous  cure  was  effected  by 
the  end  of  the  l4th  week.  Review  of  the  blood-iodine  values  showed  that  the 
level  of  iodine  in  the  blood  was  relatively  much  lower  during  the  period  when 
the  signs  of  iodism  were  manifested.  Furthermore,  practically  coincident 
with  the  spontaneous  remission,  the  blood-iodine  content  was  rapidly  in¬ 
creasing.  This  finding  suggested  the  possibility  of  a  divergence  from  some 
of  the  usual  paths  of  elimination  such  as  the  tears  and  secretions  of  the 
respiratory  tract.  If  such  were  true,  the  clearing  up  of  iodism  might  be  in  part 
explained.  However,  when  one  considers  that  rats  receiving  a  diet  of  the 
same  iodine  content  but  high  in  calcium  (group  F)  showed  no  imfavorable 
clinical  reactions  despite  the  fact  that  their  blood  iodine  at  a  slightly  later 
period  reached  the  same  concentration  and  also  showed  a  similar  marked 
increase  compared  with  that  of  the  low-calcium  group  (E),  the  fallacy  of 
the  above  explanation  will  be  seen.  The  experimental  evidence  indicated  that 
iodine  induces  the  clinical  syndrome  of  iodism  only  under  special  conditions 
and  that  the  concentration  of  iodine  in  the  blood  alone  is  not  the  determining 
factor.  In  the  present  experiments,  the  accessory  factor  would  appear  to  be  a 
deficiency  of  calcium. 


SUMMARY 

Five  hundred  and  forty  rats  on  specific  synthetic  diets  in  which  there  was 
a  variation  in  the  calcium-iodine  ratio  were  studied  over  a  period  of  7 
months.  The  results  of  chemical  analysis  have  shown  that  the  amount  of 
calcium  in  the  diet  influenced  the  level  of  iodine  in  the  blood.  In  animals 
on  diets  containing  the  same  amount  of  iodine,  the  blood-iodine  level  was 
comparatively  lower  in  the  groups  receiving  additional  calcium  than  in  the 
controls.  On  high-iodine  diets,  there  did  not  appear  to  be  any  close  relation 
between  the  amount  of  iodine  consumed  and  the  blood-iodine  level  (time 
was  an  important  factor).  In  contrast,  the  average  serum-calcium  level  was 
not  markedly  affected  by  varying  the  dietary  iodine. 

Disturbing  the  calcium-iodine  ratio  of  the  diet  beyond  certain  limits  was 
associated  with  the  development  of  diverse  clinical  manifestations  peculiar  to 
certain  experimental  groups.  The  rats  on  low-iodine  diets  showed  many  of 
the  clinical  changes  found  in  human  cases  of  exophthalmic  goiter.  Animals 
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maintained  on  a  diet  low  in  calcium  and  high  in  iodine  developed  signs  re¬ 
sembling  iodism. 

The  experimental  findings  relative  to  iodism  are  considered  to  indicate  that 
iodine  induces  the  syndrome  only  under  special  conditions;  the  concentration 
of  iodine  in  the  blood  is  not  the  determining  factor.  The  intake  of  calcium 
has  an  important  influence,  in  that  an  excess  in  the  diet  acts  as  a  prophylactic 
whereas  a  deficiency  favors  the  development  of  iodism. 
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SUBCLINICAL  HYPOTHYROIDISM  IN  CHILDREN* 

MATTHEW  MOLITCH  and  SAM  POLIAKOFF 
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PHILADELPHIA,  PENNSYLVANIA 
and  the  New  Jersey  State  Home  for  Boys 
JAMESBURG,  NEW  JERSEY 

The  inmate  population  of  the  New  Jersey  State  Home  for  Boys  was  studied 
to  determine  the  incidence  of  mild  cases  of  hypothyroidism.  The  boys  ranged 
in  age  between  8  and  17,  the  majority  being  about  14  years.  TTie  entire 
population  of  over  500  boys  was  skiagraphed  and  those  with  delayed  carpal 
development  were  studied  in  more  detail.  Total  serum  cholesterol  determi¬ 
nations  were  made  on  the  entire  group  and  norms  were  developed.  Those  with 
retarded  osseous  development  and  those  with  high  cholesterol  were  given 
basal  metabolism  tests.  The  findings  were  then  correlated  with  psychological 
data,  behavior  and  school  achievement. 

OBSERVATIONS 

Roentgeno graphic  studies.  The  carpal  bones  of  514  boys  were  studied  and 
54,  or  10.5  per  cent,  were  found  to  have  retarded  development  of  from  2  to  4 
years.  Table  1  gives  the  distribution  of  the  cases;  24  of  these,  with  more  than 
3  years  retardation,  were  found  to  have  no  endocrine  dysfunction  which  would 
make  the  hypothyroidism  a  secondary  or  associated  phenomenon.  All  the 
joints  of  the  54  boys  were  studied  and  compared  with  the  norms  published  by 
Shelton  (1). 

Cholesterol  studies.  Serum  total  cholesterol  values  were  determined  on  blood 
specimens  from  fasting  subjects  using  Sackett’s  (2)  modification  of  Bloor’s  method. 
A  more  stable  color  development  was  used  as  suggested  by  Reinhold  (3).  In  this 
technic  2  cc.  of  acetic  anhydride  and  0.1  cc.  of  concentrated  H^SO^  were  added  to 
both  the  specimens  and  the  standard.  The  contents  were  mixed  and  allowed  to  stand 
at  30°c.  for  15  minutes  in  the  light  to  be  used  in  making  the  readings.  The  final 
readings  were  made  through  a  red  filter.  We  found  that  the  standard  began  to  show 
deterioration  after  20  minutes  so  that  the  color  of  1  standard  and  of  about  15 
'unknowns’  was  developed  at  one  time.  We  were  able  to  get  consistent  results  with 
the  above  technic  and  it  was  especially  practical  as  elaborate  equipment  was  not 
necessary.  Check  determinations  were  made  by  John  G.  Reinhold  of  the  Laboratories 
of  the  Philadelphia  General  Hospital. 

Determinations  were  made  on  over  500  boys,  both  normal  and  abnormal. 
Of  this  number  284  were  normal  from  an  endocrine  standpoint  and  were 
used  as  controls.  The  remainder  were  boys  who  had  some  obvious  endocrine 
dysfunction,  or  were  from  groups  who  had  access  to  a  higher  fat  diet.  Table 
2  gives  the  normal  distribution  and  table  3  gives  the  statistical  analysis.  There 
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was  little  difference  between  the  white  and  colored  boys  and  85  per  cent  of 
the  controls  ranged  between  100-160  mg.,  while  the  entire  range  was  between 
80  and  204  mg.  per  100  cc.  Our  range  is  comparable  with  that  of  Rothbart 
(4)  who  found  it  in  98  children  to  be  between  120  and  170  mg.  Table  4 
gives  the  cholesterol  findings  in  the  24  boys  specially  studied;  they  all  fell 
within  the  normal  range.  It  might  be  added  that  only  3  were  in  the  lowest 
quartile  while  9  were  at  or  above  the  upper  quartile. 

Basal  metabolism.  Basal  metabolic  rates  were  determined  on  all  the  boys 
with  retarded  osseous  development  and  with  high  cholesterol  levels.  The 
procedure  and  norms  used  were  those  published  by  Molitch  and  Cousins  ( 5 ) . 
We  were  able  to  get  excellent  cooperation  from  the  boys  and,  as  has  been 
published  elsewhere  (5),  we  were  able  to  get  determinations  that  agreed 
within  4  per  cent  on  successive  days.  The  Sanborn  'Motor-Grafic’  machine  was 
used  and  every  boy  was  admitted  to  the  institution  hospital  the  evening  before 
to  insure  basal  conditions  in  the  morning. 

Table  4  gives  the  results  of  this  study.  Our  findings  confirm  those  of 
Rothbart  (4),  who  found  that  there  was  no  relationship  between  basal  metab¬ 
olism  and  the  level  of  serum  cholesterol.  Of  the  24  children  with  3  or  more 
years  osseous  retardation,  7  had  a  mildly  deficient  oxygen-consumption  rate 
while  the  remainder  were  on  the  positive  side.  It  then  appears  that  there  is 
no  correlation  between  osseous  retardation  and  basal  metabolism,  while  the 
serum  cholesterol  seems  to  be  higher  but  within  the  normal  range. 


Table  2.  Distribution  of  serum  cholesterol  values  with  age  in  normal  boys. 


Age 

(years) 

No. 

Range  of  Cholesterol  Values,  Mg.  per  cent 

81-100 

101-120 

121-140 

141-160 

161-180 

8 

1 

1 

9 

3 

1 

2 

10 

7 

4 

3 

11 

12 

1 

2 

6 

2 

1 

12 

24 

1 

4 

8 

10 

1 

13 

34 

1 

11 

12 

7 

3 

14 

40 

4 

13 

14 

5 

4 

15 

92 

9 

28 

24 

21 

9 

1 

16 

61 

2 

23 

16 

16 

4 

17 

6 

1 

2 

2 

1 

18 

4 

2 

1 

1 

I'otal 

284 

18 

89 

89 

63 

22 

3 

Percentage 

100.0 

6.3 

31.3 

22.3 

7.7 

1.1 
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Table  3.  Statistical  analysis  or  cholesterol  distribution. 


Number 

of 

Boys 

Lower 
Quartile 
mg-  % 

Median 
mg.  % 

Upper 
Quartile 
mg.  % 

Total 

Cholesterol 

mg. 

Average 
Cholesterol 
mg.  % 

Total 

284 

114.3 

127.5 

146.0 

37112 

130.7 

White 

164 

114.8 

129.0 

146.9 

21643 

132.0 

Colored 

120 

114.3 

124.7 

144.3 

15469 

128.9 

Table  5  gives  the  anthropometric  data.  It  is  seen  that  6  were  below  the 
minimum  while  none  were  above  the  maximum  in  height.  Only  1  was  below 
the  minimum  in  weight,  the  remainder  were  at  about  the  optimum  while  3 
were  above  the  maximum.  Eight  of  the  boys  showed  little  or  no  evidence  of 
secondary  sexual  development.  In  more  than  half  the  cases  the  skin  seemed 
dry  and  the  hair  brittle.  Not  one  boy  had  a  secondary  anemia  and  only  one 
gave  a  history  of  constipation. 

Intelligence (/Tht  findings  of  general  mental  level  for  this  group  were  made  by 
A.  K.  Eccles  and  Marian  Derrick.  Upon  admission  each  of  these  inmates  was  given 
a  psychological  examination  including  one  of  the  following  tests:  Stanford  revision 
of  the  Binet;  Kuhimann- Anderson ;  Morgan’s  mental  test  A  or  B;  also  the  mirror 
drawing  test,  dynamometer  for  strength  of  grip,  and  the  Witmer  form  board.  In 
addition  to  these,  1  or  more,  usually  3,  of  the  following  performance  tests  were 
given:  Healy  picture  completion  II;  Porteus  maze;  Stenquist  assembly  I;  Stenquist 
mechanical  aptitude  I ;  Knox  cube. 

We  did  not  consider  it  practicable  to  use  intelligence  quotients  because  of  the 
differences  in  the  tests  employed  and  the  consequent  incomparability  of  the  quotients 
obtained.  Other  factors  were  the  differences  in  nationality  and  color  and  the  debatable 
question  as  to  whether  intelligence  quotients  are  sufficiently  constant  to  warrant  com- 
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parison  in  this  type  of  data  for  different  ages,  and  still  further  because  of  the  uncer¬ 
tainty  of  the  upper  life-age  limit  for  calculating  quotients. 

We  confirmed  Rothbart’s  (4)  findings  that  there  is  no  correlation  between 
serum  cholesterol  and  mental  level.  Molitch  and  Eccles  (6)  and  later  Rothbart 
(4)  found  a  negative  correlation  between  the  oxygen  consumption  rate  and  the 
mental  level.  Of  the  24  boys  with  retarded  osseous  development,  8  or  33.3 


Table  5.  Anthropometric  data.* 


Case 

Color 

Age 

Years 

and 

Months 

Height  (inches) 

Weight  (pounds) 

Bone 

Retar¬ 

dation* 

(years) 

Actual 

Min. 

Max. 

Actual 

Min. 

Max. 

C.I. 

W 

10-1 

52.3 

51.3 

55.0 

58 

57.0 

71.6 

3 

S.N. 

W 

12-2 

57.8 

55.2 

59.0 

87 

69.4 

87.2 

3 

L.F. 

W 

12-10 

55.5 

56.0 

60.0 

75 

72.7 

91.3 

4 

H.H. 

B 

12-11 

58.0 

56.0 

60.0 

88 

72.7 

91.3 

3 

W.R. 

B 

13-2 

58.5 

56.9 

60.9 

90 

75.9 

95.7 

3 

K.F. 

W 

13-8 

59.0 

57.8 

61.8 

80 

79.3 

100.3 

3 

C.F. 

W 

13-10 

57.5 

57.8 

61.8 

90 

79.3 

100.3 

3 

A.J. 

W 

13-11 

62.5 

57.8 

61.8 

115 

79.3 

100.3 

3 

M.F. 

W 

14-2 

60.3 

58.6 

62.8 

100 

81.1 

102.9 

3 

D.W. 

W 

14-3 

58.3 

58.6 

62.8 

93 

81.1 

102.9 

3 

H.D. 

B 

14r-3 

60.5 

58.6 

62.8 

91 

81.1 

102.9 

3 

S.B. 

B 

14-5 

54.8 

5''. 6 

62.8 

74 

81.1 

102.9 

3 

M.R. 

B 

14-6 

60.3 

59.5 

63.7 

115 

85.0 

108.0 

3 

B.C. 

B 

14-8 

56.8 

59.5 

63.7 

73 

85.0 

108.0 

3 

F.M. 

W 

14-9 

62.5 

59.5 

63.7 

105 

85.0 

108.0 

3 

P.J. 

W 

14-9 

61.0 

59.5 

63.7 

101 

85.0 

108.0 

3 

R.C. 

B 

14-10 

60.3 

59.5 

63.7 

97 

85.0 

108.0 

3 

B.W. 

B 

15-0 

60.3 

60.3 

64.5 

98 

89.4 

113.4 

3 

M.R. 

W 

15-3 

55.3 

60.3 

64.5 

90 

89.4 

113.4 

4 

R.G. 

B 

15-5 

60.0 

60.3 

64.5 

104 

89.4 

113.4 

3 

T.S. 

W 

15-8 

59.5 

61.1 

65.3 

106 

91.6 

116.2 

3 

M.L. 

W 

15-11 

60.5 

61.1 

65.3 

96 

91.6 

116.2 

4 

J.E. 

W 

16-4 

65.0 

61.8 

66.2 

128 

96.0 

122.0 

4 

B.D. 

B 

16-7 

61.3 

62.5 

66.9 

96 

98.4 

125.0 

4 

*  Height  and  weight  minimum  and  maximum  data  (normal  limits)  according  to  Engelbach. 

*  Bone  retardation  derived  from  Shelton's  norms. 


per  cent  were  average  normal,  7  or  29.2  per  cent  were  inferior  normal,  while 
9  or  37.5  per  cent  were  feebleminded.  The  average  for  the  population  as  a 
whole  was  28  per  cent  average,  39  per  cent  inferior  and  33  per  cent  subnormal 
or  feebleminded.  The  group  is  too  small  to  permit  a  generalization,  and  an 
increase  in  both  the  higher  and  lower  mental  levels  at  the  expense  of  the  in¬ 
ferior  normals  was  noted.  In  our  study  it  may  be  concluded  that  mental  re¬ 
tardation  is  not  an  important  manifestation  in  subclinical  hypothyroidism. 

School  achievements.  A  Stanford  achievement  test  was  given  to  each  boy 
and  only  3  made  normal  or  above-normal  grades  for  their  age.  Two  made  no 
score,  except  in  arithmetic,  and  the  remainder  were  retarded  from  2  to  6  years. 
This  is  also  true  for  the  remainder  of  the  population  and  is  therefore  not  dis¬ 
tinctive  of  this  group.  All  but  2  boys  were  chronic  truants  and  offered  behavior 
problems  before  commitment.  This  is  higher  than  the  incidence  for  the  re¬ 
mainder  of  the  population. 

Behavior.  Three  boys  were  committed  because  of  chronically  running  away 
from  home;  1  for  a  sex  offense;  1  for  assault,  and  the  remainder  for  stealing. 
This  type  of  record  is  also  true  for  the  general  population.  Only  3  of  the  group 
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fell  into  what  might  be  called  a  hypoactive  category  while  the  rest  were  hyper¬ 
active  in  varying  degrees.  One  boy  gave  way  to  very  serious  temper  tantrums 
and  when  thwarted  would  bang  his  head  against  a  stone  wall.  In  addition  3 
more  boys  offered  institutional  problems  while  the  remainder  were  considered 
as  average  in  behavior  and  adjustment.  As  a  group  they  were  more  stable  than 
our  boys  with  cryptorchidism  (7)  or  those  with  pituitary  dysfunctions  (8). 
Although  these  boys,  as  a  group,  were  not  recalcitrant  yet  individually  we  find 
them  described  in  such  negative  terms  as:  immature,  suggestible,  inadequate, 
unstable,  distractible,  emotional,  quick-tempered,  'sneaky,’  having  inferiority 
complexes,  negativistic.  Some  are  described  positively  as  polite,  cooperative 
and  good  workers. 

It  is  difiicult  to  set  up  a  normal  behavior  pattern  for  a  group  in  an  insti¬ 
tution  where  almost  all  the  boys  were  committed  because  of  overt  acts.  'There 
is  nothing  distinctive  about  this  group  which  would  differentiate  them  from 
the  standpoint  of  behavior  as  do  impulsive  acts  in  chronic  post-encephalitic 
patients  (9). 

DISCUSSION 

Questionaires  concerning  hypothyroidism  in  children  were  sent  to  a  group 
of  outstanding  endocrinologists  and  their  replies  were  compiled  under  the 
headings  of  laboratory,  clinical  and  behavior  findings.  From  the  laboratory 
standpoint,  all  respondents  were  in  agreement  that  the  most  important  and 
consistent  finding  in  hypothyroidism  is  retarded  osseous  development.  Several 
men  prefer  to  make  basal  metabolism  tests  in  the  older  children  and  roentgen 
ray  studies  in  the  younger.  Basal  metabolism  studies  were  mentioned  by  all, 
but  almost  everyone  gave  warning  about  the  unreliability  of  the  test  in  young¬ 
er  children,  inadequate  standards,  and  their  frequent  lack  of  correlation  with 
clinical  findings.  It  seems  that  the  basal  metabolism  is  taken  as  a  routine  pro¬ 
cedure  but  that  little  importance  is  given  the  results  except  when  they  comport 
with  the  clinical  picture.  Our  findings  certainly  show  that  the  basal  metabolism 
test  is  not  in  itself  an  important  datum. 

More  than  half  the  group  replying  to  our  questionaire  mentioned  blood 
cholesterol  and  several  did  not  qualify  their  answer.  The  group  seemed  to  be 
in  agreement  that  the  results  are  variable  and  not  specific.  Our  findings  were 
not  spectacular  but  there  seemed  to  be  a  tendency  towards  high  normals  in  the 
children  with  osseous  retardation. 

Several  mentioned  that  a  secondary  anemia  may  be  present  but  this  was 
not  evident  in  our  group.  One  man  makes  a  glucose  tolerance  test  to  rule  out 
hypopituitarism  with  associated  hypothyroidism,  while  another  reports  that  he 
gets  valuable  information  from  fasting  blood  sugar  tests.  One  mentioned  that 
a  scanty  urine  with  a  low  total  nitrogen  may  be  present,  and  that  the  creatine 
output  in  the  urine  should  receive  more  study. 

In  the  clinical  approach  more  than  half  the  group  placed  special  emphasis 
on  a  history  of  delayed  walking,  talking,  and  teething  during  infancy.  One 
man  pointed  out  the  fact  that  a  history  of  a  rapid  gain  in  mother’s  weight 
during  pregnancy  and  the  birth  of  a  child  over  8^  pounds,  might  be  of  help 
in  the  diagnosis. 

In  the  physical  examination  the  most  frequently  mentioned  finding  was  a 
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dry  skin  and  brittle  hair.  The  skin  might  even  be  ichthyotic  and  ofttimes  a 
dermatitis  or  dermatosis  may  be  present.  Next  in  frequenqr  were  overweight, 
constipation  and  stunted  growth.  Other  signs  or  symptoms  mentioned  were: 
delay  in  second  dentition  with  teeth  that  are  thin,  short,  brittle  and  with  a 
tendency  to  decay;  skin  sensitive  to  cold,  with  cold  extremities;  lack  of  vigor; 
genital  hypoplasia;  nuchal  distribution  of  fat;  abnormality  of  body  growth 
with  a  short  lower  measurement  and  a  span  less  than  the  total  height. 

From  the  standpoint  of  behavior  there  seems  to  be  more  of  a  difference  of 
opinion.  Half  of  the  group  considered  behavior  so  variable  as  to  be  of  little 
value  as  an  aid  in  diagnoses.  It  appears  that  a  child  with  hypothyroidism  may 
reveal  one  of  two  pictures.  He  may  be  dull,  apathetic,  stupid,  sluggish,  weak, 
weary  and  be  mentally  retarded.  His  school  work  may  be  poor  and  he  may  be 
unable  to  keep  up  in  competitive  sports.  On  the  other  hand,  he  may  be  irritable* 
unmanageable,  stubborn,  fretful,  sleep  poorly,  be  emotionally  unstable,  and 
have  a  capricious  appetite.  Finally,  more  than  half  the  group  replied  that  the 
most  important  test  of  all  was  the  response  of  the  child  to  small  doses  of 
thyroid  gland  substance. 

SUMMARY  AND  CONCLUSIONS 

Roentgen  ray  and  blood  serum  cholesterol  studies  were  made  on  over  500 
boys  committed  to  a  corrective  institution.  Basal  metabolism  tests  were  made 
on  those  boys  with  retarded  osseous  development  and  on  those  with  high 
serum  cholesterol  findings.  A  small  group  of  boys  with  retarded  osseous  de¬ 
velopment  and  without  other  endocrine  dysfunctions  were  studied  in  detail 
and  correlations  were  made  with  their  mental  level,  school  achievement  and 
behavior.  The  results  of  our  study  were  checked  against  the  opinions  of  11 
outstanding  endocrinologists  that  were  obtained,  by  the  questionaire  method. 
The  results  of  our  study  in  consonance  with  the  opinions  of  others  indicates 
that  osseous  retardation  is  the  most  consistent  finding  in  hypothyroidism  in 
children.  Basal  metabolism  and  serum  cholesterol  findings  are  of  little  aid  in 
the  diagnosis  in  children,  because  of  variability  and  lack  of  consistent  relation¬ 
ship  to  the  clinical  pictures.  In  the  clinical  picture  only  dryness  of  the  skin 
and  the  brittleness  of  the  hair  were  consistently  found.  A  history  of  overweight 
at  birth  and  a  delay  in  development  such  as  teething,  walking  and  talking,  is 
of  corroborative  significance.  The  intelligence  is  not  a  reliable  criterion;  some 
hypothyroid  children  are  bright  and  some  retarded.  The  behavior  was  found 
to  be  either  hypoactive  or  hyperactive  hence  of  little  aid  in  the  diagnosis. 

Subclinical  types  of  hypothyroidism  may  be  recognized  by  the  osseous 
retardation,  as  revealed  by  x-ray,  and  by  the  favorable  reaction  of  the  patient 
to  replacement  therapy  with  thyroid  gland  substance.  • 
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NITROGEN  AND  CREATINE  METABOLISM  IN  RELATION  TO 
ENVIRONMENTAL  TEMPERATURE  AND 
THYROID  FUNCTIONS 


M.  BODANSKY  and  VIRGINIA  B.  DUFF 
With  the  Technical  Assistance  of  C.  M.  Agress,  C.  L.  Herrmann 
*  AND  Katherine  R.  Campbell 

From  the  Laboratories  of  the  John  Sealy  Hospital  and  the  Department  of 
Pathological  Chemistry,  University  of  Texas  School  of  Medicine 
GALVESTON,  TEXAS 

Increased  metabolism,  a  normal  response  to  exposure  to  cold,  is  associated 
with  stimulation  of  thyroid  activity,  as  evidenced  partly  by  hyperplasia  of  the 
gland  and  loss  of  colloid.  These  changes  may  be  prevented  by  the  administra¬ 
tion  of  thyroid  or  thyroxine  (1)  and  somewhat  less  regularly  by  iodide  (2). 
In  untreated  rats  kept  at  low  temperatures  the  augmented  metalxjlism  may  be 
related  to  increased  secretion  of  hormone,  while  in  those  treated  with  thyroid 
substance  it  is  presumably  dependent  on  the  exogenous  supply  of  hormone, 
inasmuch  as  the  activity  of  the  gland  itself  is  conspicuously  depressed  (1). 
This,  combined  with  the  augmented  hormone  requirement,  may  explain,  in 
part,  the  increased  tolerance  to  thyroid  and  thyroxine  of  rats  exposed  to  a  low 
thermal  environment. 

Rats  have  been  found  to  survive  long  periods  of  exposure  to  a  temperature 
of  3-5  °C.  on  doses  of  thyroid  and  thyroxine  which  at  higher  temperatures 
(22-30°C.)  caused  death  in  a  few  days.  The  marked  toxicity  of  thyroid  sub¬ 
stance  at  high  temperatures  ( 33-35 ®C)  has  also  Been  observed  in  rabbits  by 
Draize  (3),  who  with  Tatum  (4)  applied  this  property  in  assaying  the 
biological  potency  of  various  thyroid  preparations. 

To  illustrate  the  resistance  at  low  temperatures,  one  rat  (weight  165  gm.),  kept 
in  a  cold  room,  received  2  mg.  of  crystalline  thyroxine  (Hoffmann-LaRoche)  daily 
for  30  days,  during  which  time  there  was  no  change  in  weight  except  for  an  initial 
loss  which  was  subsequently  regained.  Another  rat  survived  a  99-day  experimental 
period  of  continued  exposure  to  a  temperature  of  3-5 °C.,  during  which  time  it 
consumed  90  gm.  of  desiccated  thyroid  (Lilly) ,  yet  gained  67  gm.  in  weight.  At  the 
conclusion  of  the  experiment,  the  kidneys  of  this  rat  weighed  3.896  gm.,  which, 
compared  to  the  standard  data  in  Donaldson’s  tables  (5),  as  well  as  with  normal  data 
obtained  in  this  laboratory,  represents  an  increase  of  about  82  per  cent.  The  heart 
(ventricles)  weighed  1.22  gm.,  or  approximately  70  per  cent  above  normal.  Accord¬ 
ing  to  Smith  and  MacKay  (6) ,  the  change  in  heart  weight  due  to  thyroid  feeding  is 
in  the  nature  of  a  simple  work  hypertrophy  of  the  myocardium.  As  regards  the 
increased  renal  weight  of  hyperthyroid  rats,  MacKay  and  MacKay  (7)  have  ob¬ 
served  that  it  is  greater  than  can  be  accounted  for  by  the  increase  in  protein  intake 
incident  to  the  augmented  food  consumption. 

*  This  work  was  aided  by  a  grant  from  the  National  Research  Council. 
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Similar  observations  led  us  to  investigate  in  more  detail  the  eflfects  of 
hyperthyroidism  and  of  prolonged  exposure  to  cold  on  nitrogen  metabolism. 
While  certain  facts  concerning  the  influence  of  cold  on  the  nitrogen  output  and 
of  the  effects  of  hyperthyroidism  and  thyroid  administration  on  nitrogen  and 
creatine  metabolism  are  generally  known,  it  seemed  desirable  in  pursuing  the 
problem  of  the  relation  of  the  thyroid  to  muscle  metabolism  to  obtain  additional 
information  on  the  subject. 

METHODS  AND  RESULTS 

In  figure  1  are  represented  graphically  the  data  obtained  in  an  experiment 
involving  the  use  of  4  rats  (male,  litter-mates).  At  the  beginning  of  the 
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Fig.  1.  Rats  267  and  268  were  kept  at  a  temperature  of  3-5°C.  Rat  267  received  daily  subcutaneous 
injections  of  thyroxine,  2  mg.,  while  rat  268  served  as  control.  Rats  269  and  270,  litter-mates  of  the  first  2 
rats,  were  kept  at  room  temperature  (maximum  variation  16-23°C.)  Rat  269  received  2  mg.  of  thyroxine 
daily.  Following  a  2-day  preliminary  period  in  the  metabolism  cages,  collection  of  urine  was  begun  and 
continued  for  the  duration  of  the  expieriment,  analyses  being  carried  out  on  48-hour  specimens.  The  charts 
represent  the  48-hour  levels  of  excretion  of  total  nitrogen,  creatine  and  creatinine. 

observations  each  weighed  approximately  200  gm.  Each  was  placed  in  a 
separate  metabolism  cage  of  the  type  used  in  another  study  (8).  The  diet  was 
essentially  creatine-free,  having  the  following  composition:  whole  wheat  flour, 
1  part;  corn  meal,  1  part;  dried  milk,  1  part;  calcium  carbonate,  2  per  cent; 
sodium  chloride,  1  per  cent;  brewers’  yeast,  3  per  cent;  and  cod  liver  oil.  Rats 
267  and  268  were  kept  in  a  cold  room  (temperature  4°C.±1)  for  a  period  of 
30  days.  Rat  267  received  a  daily  injection  of  2  mg.  of  thyroxine.  Rats  269  and 
270  were  kept  at  room  temperature  (maximum  variation  during  month  was 
16-23 °C.).  The  former  received  2  mg.  of  thyroxine  daily.  'Thus  rat  268  served 
as  the  normal  control  in  the  cold  room,  while  rat  270  was  the  normal  control  at 
room  temperature.  Rat  269  became  moribund  on  the  29th  day  and  therefore  the 
experiment  was  discontinued.  During  the  first  28  days  of  observation,  the  total 
nitrogen  excretion  of  rat  270  was  10.57  gm.,  while  rat  269  excreted  15.73  gm. 
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It  is  instructive  to  correlate  these  values  for  nitrogen  excretion  with  the 
weights  of  the  kidneys.  For  rat  267,  this  was  3.2  gm.  Based  on  initial  body 
weight,  the  kidneys  therefore  weighed  195  per  cent  of  normal,  or  somewhat 
more  when  computed  on  the  basis  of  final  body  weight.  Fot  rat  268,  the  weight 
(2.44  gm.)  was  120  per  cent  of  normal.  The  kidneys  of  rat  269  weighed  3.59 
or  219  per  cent  of  normal.  The  renal  weight  of  control  rat  270  agreed  with  the 
standard  value  given  by  Donaldson  ( 5 ) .  From  these  results  it  would  seem  that 
for  the  thyroxine-treated  rat  at  room  temperature,  the  increased  renal  weight 
was  proportionately  greater  than  the  increase  in  nitrogen  output.  For  the 
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Fig.  2.  Rats  542  and  54}  were  kept  at  room  temperature.  22-25‘’C.  After  2  preliminary  control  periods  of 
48  hours  each,  injections  of  thyroxine  (1  mg.  daily,  reduced  to  0.5  eng.  after  10  days)  were  begun  in  rat  54} 
as  indicated  by  the  arrow.  Rat  542  continued  as  the  normal  control.  Following  2  metabolism^rcriods  at  room 
temperature,  rats  570  and  571  were  transferred  to  the  cold  room,  as  indicated  by  the  arrows.  The  iniectioos  of 
thyroxine  were  begun  in  rat  571  the  same  day,  the  daily  dose  being  reduced  from  0.5  mg.  to  0.25  on  the 
27th  day  of  the  experiment. 

thyroxine-treated  rat  in  the  refrigerator,  the  agreement  was  somewhat  better 
(renal  weight  -\-95  per  cent;  nitrogen  metabolism  -|-81  per  cent),  while  for 
the  normal  control  in  the  cold  room  the  relation  was  reversed  (renal  weight 
-|-20  per  cent,  nitrogen  metabolism  -|-60  per  cent). 

The  total  creatinine  excreted  by  rat  270  was  4l4  mg.,  of  which  100  mg. 
was  in  the  form  of  creatine.  The  relative  constancy  of  the  creatinine  metabolism 
of  this  animal  throughout  the  experimental  period,  despite  the  increase  in 
weight,  may  perhaps  be  explained  on  the  assumption  that  the  gain  was  largely 
of  body  fat,  rather  than  of  muscle.  For  the  same  period  thyroxine-treated  rat 
269  excreted  339  mg.  of  creatinine  and  300  mg.  of  creatine;  rat  267  (thyroxine- 
treated  in  the  cold  room)  excreted  353  mg.  of  creatinine  and  285  mg.  of 
creatine,  while  rate  268  (control  in  cold  room)  excreted  312  mg.  of  creatinine 
and  176  mg.  of  creatine.  From  these  data  it  would  seem  that  the  output  of 
creatinine  was  relatively  imaffected  by  the  administration  of  thyroxine,  or  by 
exposure  to  cold,  while  the  creatinuria  was  greatly  augmented  (compare,  how¬ 
ever,  with  the  data  charted  in  fig.  2) . 

The  creatine  excretion  may  be  further  correlated  with  the  changes  in  tissue 
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creatine.  Analysis  of  control  rat  270  gave  the  following  values  (mg.  per  100 
gm.) :  myocardium,  188;  muscle,  486;  testes,  319.  In  marked  contrast  were  the 
following  results  for  thyroxine  treated  rat  269:  myocardium,  87.3;  muscle, 
358;  testes,  333.  For  the  control  rat  in  the  refrigerator  ( 268) ,  the  figures  were: 
myocardium,  205;  muscle,  529;  testes,  314.  The  thyroxine-treated  rat  in  the 
refrigerator  (267)  yielded  the  following  data:  myocardium,  134;  muscle,  412; 
testes,  426.  It  is  thus  seen  that  the  extra  creatine  excreted  by  the  refrigerator 
control  did  not  result  in  a  lowering  of  the  creatine  content  of  the  tissues,  but  on 
the  contrary  the  concentrations  were  maintained  at  high  normal.  It  may  be 
pointed  out,  however,  that  in  poorly  nourished  rats,  prolonged  exposure  to  cold 
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Fig.  3.  Effect  of  alternating  the  environmental  temperature  on  creatine  and  nitrogen  excretion.  Upward 
pointing  arrows  denote  transfer  to  cold  room  <3-5‘’C.)  ;  downward  pointing  arrows  denote  return  to  room 
temperature. 

usually  led  to  a  diminution  of  the  creatine  concentration  of  heart  and  muscle  to 
low  normal,  or  even  subnormal  values.  The  results  for  rats  267  and  269  are 
typical  of  many  similar  data  which  indicate  that  at  low  temperatures  depletion 
of  creatine  from  skeletal  muscle  and  myocardium  of  the  well-nourished, 
thyrotoxic  rat  occurs  somewhat  less  rapidly  than  at  moderate  to  high  tempera¬ 
tures. 

From  the  charts  in  figure  1  it  will  be  further  observed  that  the  48-hour 
creatine  creatinine  excretion  of  the  thyroxine-treated  rats  and  the  refrigera¬ 
tor  control  varied  within  wide  limits.  These  fluctuations  were  a  cause  of  much 
concern  and  perplexity  and  were  first  attributed  to  possible  faults  in  technique, 
unequal  urine  collections,  or  other  unsuspected  errors.  But  as  greater  uni¬ 
formity  was  not  obtained  even  though  the  work  was  repeated  many  times,  it 
was  finally  concluded  that  these  variations  were  perhaps  inherent  in  the  ex¬ 
perimental  conditions.  There  is  justification  for  assuming  that  the  relative  con¬ 
stancy  of  creatinine  excretion  in  the  normal  rat,  as  in  man,  reflects  a  compara- 
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tively  steady  state  of  endogenous  metabolism.  When,  as  in  the  case  of  these 
experiments,  the  metabolism  was  raised  to  an  abnormal  level  by  the  administra¬ 
tion  of  thyroxine,  exposure  to  cold,  or  both,  the  normal  relations  and  regulatory 
mechanisms  were  conceivably  affected.  To  the  examples  of  physiological 
homeostasis  cited  by  Cannon  (9),  such  as  the  maintenance  of  uniform  basal 
metabolism,  body  temperature,  hydrogen  ion  and  glucose  concentrations  of  the 


Fig.  4.  Metabolism  charts  of  thyroparathyroidectomized  rats  and  their  controls.  Rats  X>1,  X-2,  X-3 
(females)  were  operated  upon  at  93  aays  and  transferred  to  the  cold  room  3-8  days  later.  Charts  X-7i  and 
X-7i  represent  the  same  rat  (female).  It  was  operated  upon  at  66  days  and  exposed  to  cold  11  days  later.  It 
became  moribund  (M)  on  the  third  day  of  exposure,  was  returned  to  room  temperature  and  recovered.  The 
test  was  repeated  6  months  later,  with  the  results  indicated  on  the  chart  X-7i.  Rats  1}9  and  140  (males) 
were  thyroparathyroidectomized  at  31  days  and  tested  4  months  later.  Rat  134  (male)  was  operated  upon  at 
3  months  and  tested  16  days  later.  Rats  188  and  189  (males)  were  thyroparathyroidectomized  at  30  days  and 
were  tested  in  the  refrigerator  108  days  later.  Rats  190  and  193  (also  males)  were  their  normal,  litter-mate 
controls.  Ad-9  was  adrenalectomized  at  3  months.  Renal  decapsulation  was  performed  2  months  later,  the  rat 
being  transferred  to  the  cold  room  7  days  after  the  second  operation.  Downward  pointing  arrows  denote 
transfer  to  cold  room ;  u{>ward  pointing  arrows,  return  to  room  temperature.  The  lower  row  of  charts  rroresent 
metabolism  experiments  in  which  an^yses  were  carried  out  on  24-hour  specimens;  in  upper  row,  48-hour 
collections  were  made  as  in  other  experiments.  ' 

blood  may  reasonably  be  added  creatine  metabolism  and  accordingly  the  fluc¬ 
tuations  in  excretion  under  the  experimental  circumstances  which  have  been 
described  may  perhaps  be  considered  to  represent  an  unsteady  state  of  endoge¬ 
nous  metabolism;  in  short  a  condition  of  disturbed  homeostasis. 

Guanidine  acetic  acid.  Of  the  many  compounds  that  have  been  suggested 
as  precursors  or  metabolic  intermediates  of  creatine,  the  evidence  points  more 
clearly  to  guanidine  acetic  acid  than  to  any  other  substance  (10).  It  therefore 
seemed  of  interest,  in  connection  with  these  experiments  to  determine  whether 
the  augmented  creatine  metabolism  was  in  any  way  related  to  the  excretion 
of  this  constituent.  For  its  estimation  Weber’s  method  (11)  was  used.  Weber 
has  been  able  to  recover  85  ±5  per  cent  of  added  guanidine  acetic  acid  in 
urine.  In  our  hands  the  recoveries  have  been  somewhat  lower,  approximately 
80  per  cent,  but  we  have  substantiated  Weber’s  claim  as  to  the  specificity  of 
this  application  of  the  Sakaguchi  reaction  (12)  and  are  convinced  of  the  value 
of  the  results,  despite  the  present  imperfection  of  the  method. 

In  control  rat  542  (fig.  2)  the  48-hour  excretion  of  guanidine  acetic  acid 
varied  from  1.2  to  1.7  mg.  The  excretion  of  rat  543  during  the  control  period 
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was  1.6  mg.,  but  increased  to  2.6  mg.  after  the  injections  of  thyroxine  (1  mg. 
daily)  were  begxm.  The  eflFect  of  thyroxine  on  creatine  was  prompt  and,  as  in 
other  experiments,  the  increased  excretion  was  maintained  throughout  the 
period  of  observation,  34  days.  In  this  respect  our  results  differ  from  those 
of  Pugsley,  Anderson  and  Collip  (13),  who  found  that  the  increased  excre¬ 
tion  of  creatine  produced  in  rats  by  the  administration  of  desiccated  thyroid, 
or  anterior  pituitary  extract  containing  thyrotropic  hormone,  was  not  sustained 
indefinitely  but  gradually  diminished  after  a  period  of  12  days.  Except  for 
the  fluctuations  previously  discussed,  reduction  in  the  output  of  creatine  and 
creatinine  in  hyperthyroid  rats  occurred  only  when  they  became  sick,  or  semi- 
moribund.  This  is  illustrated  by  the  terminal  break  in  the  level  of  excretion  of 
rat  269  (fig-  1). 

Exposure  of  rat  570  to  cold  was  accompanied  by  an  increase  from  a  normal 
excretion  of  1.3  mg.  to  a  maximum  of  2.4  mg.,  while  in  rat  571  (thyroxine- 
treated  in  the  cold  room)  the  increase  was  even  more  (from  a  control  value 
of  1  mg.  to  3  mg. ) .  From  the  charts  in  figure  2  it  would  seem  that  the  excre¬ 
tion  of  guanidine  acetic  acid  was  more  or  less  parallel  to  the  level  of  the 
endogenous  (creatinine),  if  not  to  the  total  protein,  metabolism.  However, 
work  now  in  progress  suggests  that  there  is  perhaps  an  even  closer  connection 
to  thyroid  function.  It  has  been  found  that  the  guanidine  acetic  acid  excretion 
of  thyroparathyroidectomized  rats,  which  is  often  negligible,  is  uniformly  low 
both  with  respect  to  the  absolute  amount  excreted  and  in  relation  to  the  nitro¬ 
gen  output. 

Nature  of  the  Metabolic  Response  to  Cold.  Referring  again  to  figure  2,  it 
will  be  noted  that  the  response  to  cold  was  prompt,  the  creatine  and  nitrogen 
elimination  being  unmistakably  increased  by  the  second  48-hour  period  of 
exposure.  This  observation  suggested  that  if  this  response  is  associated  with 
stimulation  of  the  thyroid,  it  should  be  absent  in  the  thyroidectomized  rat. 
Then  too  the  question  arose  as  to  the  constancy  of  the  response  in  the  normal 
rat  and  its  recurrence  when  the  thermal  environment  is  alternated.  The  answer 
to  the  last  of  these  questions  is  to  be  found  in  the  charts  of  figure  3.  Rats  578 
and  581  were  moved  in  and  out  of  the  cold  room  at  intervals  of  6  or  more  days, 
as  indicated.  The  first  exposure  to  cold  produced  the  typical  response  but  the 
results  of  subsequent  exposures,  though  occasionally  normal  in  some  of  the 
animals  that  have  been  observed,  were  more  often  irregular,  if  not  erratic. 

In  seeking  an  explanation  for  these  results  the  possible  influence  of  the 
adrenals  was  considered.  A  number  of  pertinent  observations  may  be  sum¬ 
marized.  Thyroparathyroidectomized  rats  have  a  low  resistance  to  cold  and 
usually  succumb  after  1  to  6  days  exposure  to  a  temperature  of  3-5  °C.  Adre- 
nalectomized-thyroparathyroidectomized  rats  are  even  more  sensitive  to  cold, 
death  occurring  usually  after  a  few  hours  of  exposure.  Adrenalectomized  rats 
are  more  sensitive  to  thyroxine  than  normal  rats,  both  as  regards  the  survival 
and  the  metabolic  response.  The  fourth  point  needs  more  elaboration.  In  our 
rat  colony  adrenal  insufliciency  was  produced  somewhat  more  consistently  by 
Schultzer’s  combined  operation  (14)  in  which  the  upper  halves  of  the  renal 
capsules  are  removed  in  addition  to  the  adrenals.  Animals  thus  operated  are 
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extremely  sensitive  to  cold,  becoming  moribund  or  succumbing  within  a  few 
hours.  This  may  occur  not  only  several  days  after  the  operation,  but  long  after 
(119  days  in  2  cases)  in  the  few  animals  which  may  survive  (15).  Rats  which 
had  become  moribund  on  exposure  to  cold  and  were  resuscitated  often  lived 
for  many  days  after  in  a  state  of  chronic  adrenal  insufficiency. 

The  difficulty  of  obtaining  significant  metabolism  data  in  such  animals 
is  obvious.  If  the  rat  remains  alive  for  6  to  8  days,  or  longer,  the  presumption 
is  that  it  is  not  suflFering  from  adrenal  insufficiency.  On  the  other  hand,  if 
the  deficiency  has  been  produced,  the  rat  does  not  survive  long  enough  to 
obtain  representative  specimens  of  urine.  Because  of  these  circumstances  we 
have  succeeded  only  twice  in  securing  data  which  we  believe  to  be  of  value. 


Fig.  ).  Following  an  initial  period  in  the  metabolism  cages  at  room  temperature,  rats  332  and  333  were 
transferred  to  a  thermal  environment  of  33-34°C.  Rat  332  received  thyroxine,  2  mg.  daily.  Note  depression  of 
metabolism  in  rat  333  and  relatively  moderate  effect  produced  by  thyroxine  in  rat  332.  Rats  401  (thyroxine- 
treated,  1  mg.  dailv)  and  402  (control)  were  maintained  at  a  temperature  of  31-32°C.  Rats  408  (thyroxine- 
treated,  1  mg.  daily)  and  409  (control)  were  kept  at  a  temperature  of  28-29°C. 

The  results  of  one  of  the  successful  experiments  (Ad-9)  are  charted  in  figure  4 
and  show  that  the  creatine-creatinine  and  nitrogen  response  is  not  abolished 
and  is  perhaps  even  somewhat  exaggerated  in  the  adrenalectomized  rat. 

On  the  basis  of  so  few  observations  it  is  impossible  to  do  more  than  specu¬ 
late  on  the  possibility  that  the  lessened  response  on  a  second  or  subsequent 
exposure  to  cold  may  represent  in  the  normal  rat  an  antagonistic  effect  of  the 
adrenals,  stimulated  to  increased  activity  as  the  result  of  the  first  exposure; 
in  short  the  inference  is  that  the  adrenals  and  thyroid  may  be  interrelated  in 
the  regulation  of  creatine  metabolism  as  they  are  in  the  regulation  of  respira¬ 
tory  metabolism  (16,  17).  Indeed  our  observations  may  not  be  unrelated  to 
the  recently  reported  demonstration  by  Koelsche  and  Kendall  (18)  of  the 
antagonism  of  the  adrenal  cortical  hormone  to  thyroxine  in  the  maintenance 
of  nitrogen  balance  in  the  dog. 

Constancy  of  the  metabolic  response  to  cold  and  its  modification  or  absence 
in  the  thyroparathyroidectomized  rat.  The  characteristic  increase  in  the  ex¬ 
cretion  of  nitrogen  and  creatine  may  be  demonstrable  during  the  first  48-hour 
period  of  exposure  to  cold,  but  usually  becomes  more  definite  during  the  sec¬ 
ond  48-hour  period.  Often  metabolism  is  at  first  somewhat  depressed,  rather 
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than  elevated,  and  occasionally  the  response  is  delayed,  occurring  as  late  as 
the  6th  day  (for  example,  rat  190,  fig.  4).  Nevertheless  a  clear-cut  response 
is  obtained  almost  invariably,  a  negative  result  having  occurred  only  once  in 
a  series  of  26  metabolism  studies. 

That  the  augmented  creatine  metabolism  depends  on  the  presence  of  the 
thyroid  seems  probable  from  the  fact  that  it  does  not  occur  in  thyroparathy- 
roidectomized  rats.  In  such  animals  the  levels  of  nitrogen  and  creatine  metab¬ 
olism  are  subnormal.  When  exposed  to  cold,  the  nitrogen  output  is  somewhat 
increased,  but  with  rare  exceptions  (rat  154,  for  example)  the  total  creatinine 
excretion  is  not  altered  significantly,  although  there  may  be  a  moderate  in¬ 
crease  of  creatine  at  the  expense  of  creatinine.  Thyroid-deficient  rats  have  a 
low  resistance  to  cold  and  become  moribund  or  die  after  several  days’  ex¬ 
posure  to  a  temperature  of  3-5  °C.  Rats  found  cold  and  comatose  and  on  the 
verge  of  death  have  been  often  revived  on  transferring  to  a  warm  room. 
Thus,  rat  X-7  (fig.  4)  tested  11  days  after  the  operation  became  moribimd 
on  the  3d  day.  It  was  resuscitated  and  again  tested  6  months  later.  A  negative 
metabolism  response  (as  regards  total  creatinine)  was  again  obtained  and 
the  animal  was  found  dead  on  the  3d  day  of  exposure. 

Thyroparathyroidectomized  rats  receiving  small  amounts  of  thyroid  or 
thyroxine  withstand  exposure  to  cold  as  well  as  normal  rats. 

In  connection  with  other  work  requiring  a  large  number  of  hypothyroid 
rats,  resistance  to  cold  and  the  response  in  creatine  metabolism,  supplemented 
more  recently  by  estimations  of  the  guanidine  acetic  acid  excretion,  have  been 
successfully  employed  as  criteria  in  testing  thyroid  deficiency. 

Metabolism  at  high  temperatures.  Exposure  to  very  high  temperatures  is 
associated  with  degenerative  changes  in  the  thyroid  both  in  normal  and  thy¬ 
roxine-treated  rats  (1).  Attempts  to  study  metabolism  above  34°C.  were 
unsuccessful,  partly  because  of  the  very  low  tolerance  of  rats  to  thyroid  sub¬ 
stance  at  such  temperatures.  Accordingly  the  present  report  is  limited  to  sev¬ 
eral  typical  experiments  at  temperatures  varying  between  28  and  34°C.  The 
results,  represented  in  figure  5,  may  be  briefly  summarized  as  follows,  A  high 
thermal  environment  has  a  depressing  effect  on  nitrogen  as  well  as  creatine 
metabolism.  The  administration  of  thyroxine  (or  desiccated  thyroid)  is  fol¬ 
lowed  by  increased  nitrogen  and  creatine  excretion,  the  effect  being  relatively 
small  at  very  high  temperatures  (33-34°C.)  and  becoming  more  marked  as 
ordinary  temperatures  are  approached. 

SUMMARY 

The  normal  rat  exposed  to  cold  shows  a  characteristic  metabolic  response, 
usually  within  48-96  hours.  This  includes  a  rise  in  the  excretion  of  nitrogen, 
creatine  and  guanidine  acetic  acid.  The  increases  in  endogenous  (creatine- 
creatinine)  and  total  protein  metabolism  seem  to  be  related  to  thyroid  activity, 
as  they  do  not  occur  in  the  thyroidectomized  rat.  This  and  the  low  tolerance 
to  cold  may  be  employed  as  tests  of  thyroid  deficiency  in  rats  following  ex¬ 
tirpation  of  the  gland. 

Rats  in  which  the  level  of  endogenous  metabolism  is  raised,  either  by  the 
administration  of  thyroxine,  or  by  exposure  to  cold,  show  fluctuations  in  total 
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creatinine  excretion  not  observed  normally.  If  the  relative  constancy  of  creatine 
metabolism  normally  is  considered  an  example  of  physiological  homeostasis, 
the  variability  under  the  conditions  stated  may  be  taken  to  represent  an  un¬ 
steady  state  of  endogenous  metabolism, — in  short  a  condition  of  disturbed 
homeostasis. 

In  long-period  metabolism  studies  an  attempt  was  made  to  correlate  the 
loss  of  creatine  in  the  urine  with  the  reserves  in  the  tissues  in  rats  with  hyper¬ 
thyroidism,  induced  either  by  the  administration  of  thyroxine,  or  exposure  to 
cold. 

The  irregularity  of  the  responses  observed  in  rats  subjected  alternately  to 
low-temperature  and  normal  environments  and  other  data  suggest  an  adrenal- 
thyroid  interrelationship  in  the  regulation  of  nitrogen  and  creatine  metabolism. 

The  depression  of  nitrogen  and  creatine  metabolism  at  high  temperatures 
(33.340c.)  is  only  moderately  augmented  by  the  administration  of  thyroxine. 
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THE  SIGNIFICANCE  OF  ELECTRICAL  IMPEDANCE 
MEASUREMENTS  ON  THE  HUMAN  BODY 


J.  W.  HORTON  AND  SAUL  HERTZ 
From  the  Department  of  Electrical  Engineering,  Massachusetts  Institute  of 
Technology  and  the  Department  of  Medicine,  Harvard  Medical 
School  and  Massachusetts  General  Hospital 
BOSTON,  MASSACHUSETTS 

In  a  recent  paper,  "The  Impedance  Angle  and  Thyroid  Disease,”  Dr. 
M.  A.  B.  Brazier  ( 1 )  has  severely  criticized  work  along  related  lines  which 
has  been  carried  out  jointly  by  the  Department  of  Electrical  Engineering  of  the 
Massachusetts  Institute  of  Technology  and  the  Metabolism  Clinic  of  the 
Massachusetts  General  Hospital.  This  work  has  been  reported  in  two  earlier 
papers  (2,  3).  Brazier’s  comments  are  of  a  nature  which  seems  likely  to  cause 
unwarranted  confusion  and  misunderstanding  regarding  the  true  significance 
of  our  study.  It  appears  desirable,  therefore,  to  restate  certain  facts  regarding 
this  study,  with  particular  emphasis  on  those  points  which  have  been  brought 
into  question.  This  is  done  in  the  hope  of  preserving  that  clarity  of  outlook 
without  which  the  real  value  of  any  investigation  must  inevitably  be  obscured. 

There  are  two  major  questions  involved  in  the  objections  which  Brazier 
has  raised  regarding  the  studies  reported  by  us.  One  is  concerned  with  the 
measuring  technique;  the  other  with  the  pathological  significance  of  the 
quantities  measured.  The  first  involves  facts.  These  are  subject  to  exact  verifica¬ 
tion  and  may  be  analyzed  with  mathematical  rigor.  Here  both  Brazier’s  results 
and  ours  may  be  appraised  in  terms  of  the  numerical  accuracy  with  which  the 
quantities  measured  are  determined.  The  second  question  involves  judgment. 
Here  it  would  seem  that  the  more  complete  and  reliable  the  data  at  our  disposal 
the  more  dependable  should  be  the  conclusions.  In  this  latter  respect  we  have 
looked  upon  our  work  as  a  logical  sequel  to  that  reported  some  time  ago  by 
Brazier  (4). 

The  Quantity  Measured.  In  both  Brazier’s  work  and  in  our  own  the 
property  measured  is  an  electrical  impedance.  Electrical  impedance  is  a  physical 
property  of  matter  and  exists  as  such,  quite  independently  of  any  method  used 
for  its  evaluation.  Brazier’s  statement  that  our  technique  measures  a  different 
property  from  hers  is  misleading. 

Impedance  is  the  property  of  an  electrical  circuit  which  determines  the  alternat¬ 
ing  current  flowing  in  it  under  any  given  impressed  alternating  voltage.  It  is,  by 
definition,  the  ratio  of  the  applied  voltage  to  the  resulting  current.  In  general,  im¬ 
pedance  represents  the  combined  effects  of  two  other  properties,  resistance  and 
reactance.  Like  impedance,  each  of  these  simpler  properties  is  defined  as  the  ratio 
of  a  voltage  to  the  accompanying  current.  They  are  distinguished  by  the  fact  that 
energy  associated  with  current  flowing  in  a  resistance  is  entirely  dissipated  as  heat, 
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whereas  no  energy  loss  results  from  the  flow  of  current  through  a  reactance.  Resis¬ 
tance  and  reactance  combine  to  give  the  magnitude  of  the  resultant  impedance  in 
accordance  with  the  following  formula: 

Z  =  y/R^  -f  X* 

where  Z  =  total  impedance,  R  =  resistance  component,  X  =  reactance  component. 

The  relations  between  these  quantities  may  be  shown  graphically  by  diagrams 
in  which  resistance  values  are  plotted  horizontally  and  reactance  values  are  plotted 
vertically  (see  fig.  1).  The  resultant  impedance  is  thus  represented  by  a  line  of 
definite  length,  Z,  making  a  definite  angle,  ^  with  the  horizontal.  This  line  is  known 
as  a  vector  and  the  angle  as  a  vector  angle.  The  magnitude  of  this  vector  angle  is 
obviously  fixed  by  the  relative  magnitudes  of  the  resistive  and  reactive  components. 
Its  value  is  given  by  the  expression 

,  X 
=- 

Resistance,  reactance  and  impedance  magnitudes  are  each  expressed  in  terms 
of  the  same  electrical  unit,  the  ohm.  Impedances  are  added  by  adding  their  resistive 
and  reactive  components  separately. 

A  point  of  great  importance  to  the  investigations  in  question  appears  here. 
Numerical  values  of  the  resistance,  R,  and  of  the  reactance,  X,  depend  upon 
the  nature  of  the  conducting  material,  upon  its  length  and  upon  its  area  of 
cross-section.  It  is  evident,  then,  given  a  homogeneous  material,  that  a  change 
in  size  or  in  shape  of  the  sample  measured  will  result  in  proportional  changes 
in  3  of  the  above  mentioned  quantities,  namely,  R,  X,  and  Z.  It  is  also  clear 
that  these  changes,  being  proportional,  will  not  affect  the  vector  angle,  0  .  For 
a  homogeneous  sample,  therefore,  this  angle  is  a  function  of  the  nature 
of  the  material  only  and  is  independent  of  its  size  or  shape.  The  appre¬ 
ciation,  by  Brazier,  of  the  clinical  convenience  of  this  qualitative  property 
of  the  vector  angle  must  be  considered  a  noteworthy  contribution  to  the  study 
of  the  pathological  significance  of  electrical  impedance. 

Both  in  Brazier’s  work  and  in  our  own  it  has  been  found  convenient  to  express 
numerical  results  in  terms  of  the  tangent  of  the  vector  angle  rather  than  in  terms  of 
the  angle  itself.  The  use  of  this  quantity  is,  of  course,  entirely  permissible  as  the 
angle  and  its  tangent  are  explicit  functions  of  each  other.  Since  our  numerical  values 
were  those  of  the  tangent  we  felt  it  desirable  to  so  specify  them  and  hence  adopted 
the  symbol  which  has  for  many  years  been  used  for  this  purpose  by  electrical  en¬ 
gineers.  The  accepted  symbol  for  this  quantity  is  Q  and  the  expressions  Q,  tan  0, 
and  X/R  are  well  understood  to  be  equivalent.  We  feel  strongly  that  the  nomen¬ 
clature  suggested  by  Brazier,  in  which  values  of  the  tangent  are  referred  to  as  angles, 
is  without  justification. 

Brazier  has  suggested  that  we  have  called  the  result  of  our  computation 
the  'internal  impedance'  with  a  new  symbol,  Q.  This  is  not  the  case.  The 
symbol  Q  is  not  new,  does  not  stand  for  the  impedance,  and  is  not  restricted 
to  the  internal  tissues.  It  is  well  established  in  electrical  technology  as  a  con¬ 
venient  symbol  to  stand  in  the  place  of  the  expressions  tan  0  or  X/R.  The  3 
terms  mean  exactly  the  same  thing. 

The  Selection  of  the  Sample  for  Measurement.  The  essential  difference 
between  the  technique  used  by  Brazier  and  that  developed  by  us  is  in  the 
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selection  of  the  portion  of  the  body  the  impedance  of  which  is  to  be  deter¬ 
mined.  In  her  first  paper  (4)  Brazier  discussed  the  distinction  between  internal 
and  surface  tissues  and  reported  on  a  series  of  measurements  directed  toward 
a  determination  of  their  respective  contributions  to  the  impedance  of  the  total 
sample  as  measured  by  the  immersion  method.  Brazier’s  results,  together  with 
our  own  initial  investigations,  suggested  the  desirability  of  a  more  direct 
evaluation  of  the  impedances  of  these  two  constituents  of  the  total  sample. 
To  this  end  we  developed  the  4-electrode  method  ( 2 ) . 

By  placing  4  electrodes  on  the  body  and  measuring  the  impedance  between  each 
of  the  6  possible  terminal  pairs,  data  are  obtained  from  which  may  be  computed  an 
electrical  network  exactly  equivalent  to  the  body.  This  equivalence  is  restricted  to 
the  frequency  and  amplitude  of  the  current  used  in  the  original  measurements.  In 
general  such  an  equivalent  network  would  require  6  branches.  In  every  measurement 
which  we  have  made,  however,  we  have  found  that  the  6  observed  impedances  are 
not  mutually  independent,  but  that  any  5  are  sufficient  to  completely  specify  the 
network.  The  equivalent  network,  therefore,  has  5  branches,  (2,  fig.  1,  p.  561). 
The  impedance  of  each  branch  may  be  exactly  stated  in  terms  of  the  impedances 
measured  between  the  several  terminal  pairs.  Should  an  actual  network  be  set  up 
having  the  arrangement  shown  and  with  the  impedances  computed  by  the  formulae 
given  (2,  p.  561),  it  would  be  impossible,  at  the  frequency  and  amplitude  of  cur¬ 
rent  in  question,  to  distinguish  between  the  network  and  the  body  by  any  electrical 
measurements  which  might  be  made  at  the  terminals.  There  exists  such  an  equiva¬ 
lent  network  for  each  frequency  at  which  measurements  may  be  made.  The  constitu¬ 
ent  impedances  evaluated  by  our  4-electrode  method  may  be  defined  rigorously 
only  in  terms  of  these  equivalent  networks. 

The  data  previously  presented  (2,  fig.  2  and  3,  p.  563)  show  that  the  several 
network  branches  have  distinctive  frequency-impedance  characteristics.  It  is  a 
resonable  hypothesis  to  associate  them  with  distinctive  types  of  tissue.  That  our 
so-called  surface  sheath  is,  in  fact,  the  skin  is  supported  by  the  close  correspondence 
between  our  results  and  those  of  bio-physicists  who  have  made  direct  measurements 
on  human  skin  and  on  frog  skin  (5).  Further  support  for  the  supposition  that 
branches  S^.  and  Srt  (2,  fig.  1)  are  due  to  the  surface  sheath  and  branch  B  to  the 
internal  tissues,  is  found  in  the  fact  that  the  impedance  of  the  immersed  arm,  com¬ 
puted  on  this  assumption,  agrees  closely  with  values  obtained  by  direct  measure¬ 
ment  (2). 

As  a  result  of  the  separate  evaluation  of  the  impedances  of  these  two 
distinct  types  of  branch  it  is  now  possible  to  study  directly  the  contribution  of 
each  to  any  correlation  between  the  electrical  impedance  of  the  body  and  its 
physiological  condition.  It  certainly  is  not  necessary  to  approach  the  con¬ 
clusion  that  either  the  skin  or  the  internal  tissues  may  or  may  not  be  involved 
in  such  correlation  through  any  process  of  deduction  based  on  indirect  evi¬ 
dence  similar  to  that  used  by  Brazier  in  her  criticism  of  our  work.  Accurate 
numerical  values  may  be  established  for  each  branch;  these  may  be  examined 
as  such  in  conjunction  with  clinical  classifications. 

Reliability  of  Measurements.  Brazier  has  referred  to  our  use  of  a  poten¬ 
tiometer  as  an  essential  difference  between  her  technique  and  ours.  It  should 
be  unnecessary  to  point  out  that  the  measuring  instnunent  never  alters  a  fact; 
it  merely  limits  the  accuracy  with  which  the  fact  may  be  known.  In  this  con¬ 
nection  it  seems  in  order  to  examine  the  relative  accuracy  of  our  measurements 
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and  of  those  which  Brazier  has  used  in  her  comparative  study. 

In  our  work  no  measurement  is  regarded  as  acceptable  unless  the  reactance 
value  is  believed  to  be  good  to  at  least  2  per  cent.  By  the  conditions  required 
for  balance,  resistance  values,  although  about  10  times  as  great  as  the  asso¬ 
ciated  reactances,  are  known  to  the  same  numerical  accuracy.  They  have,  then, 
one  tenth  the  percentage  error.  The  accuracy  with  which  Q  is  known  is  thus 
determined  almost  wholly  by  the  error  in  the  reactance  component  and  is,  in 
consequence,  likewise  good  to  2  per  cent. 

Such  accuracy  is  necessary  in  studying  certain  interesting  changes  in  im¬ 
pedance  with  fatigue,  with  position  of  the  body,  with  portion  of  the  body 


Fig.  1.  Vector  diagrams  of  the  imMdances  of  the  constituent  and  total  samples  taken  with  band  elec¬ 
trodes  on  the  upper  arms  (case  1)  and  by  the  immersion  method  (case  2).  Scale  units  are  ohms.  Vector 
angle  is  measured  from  R-axis.  Significance  of  subscripts  and  numerical  values  are  given  in  table  1. 

measured,  and  with  similar  variables.  To  obtain  this  accuracy  it  is  imperative 
that  the  body  be  reclining  and  completely  at  rest.  Under  these  conditions  the 
accuracy  with  which  impedance  measurements  may  be  made  is  limited  by 
variations  in  impedance  accompanying  respiration  and  pulsations  in  blood 
flow.  These  variations  restrict  the  accuracy  of  measurement,  with  our  present 
apparatus,  to  about  0.05  ohm. 

In  a  previous  paper  (2,  table  1)  are  shown  the  formulae  by  which  the  several 
constituent  impedances  of  the  human  body  may  be  computed  in  terms  of  the  im¬ 
pedances  measured  between  each  of  the  terminal  pairs  of  our  4-electrode  arrange¬ 
ment.  For  the  reason  pointed  out  in  the  preceding  section  there  are  2  formulae 
for  each  quantity.  In  other  words,  each  quantity  may  be  evaluated  by  either  of  two 
sets  of  data  taken  from  the  6  observed  values.  By  means  of  the  comparisons  thus 
afforded  it  is  possible  to  obtain  a  numerical  estimate  of  the  accuracy  of  the  data 
presented  by  Brazier  in  her  recent  paper  (1).  Having  computed  from  this  data  the 
impedances  of  each  of  the  3  branches,  S^j,,  Srt  and  B,  for  each  of  the  12  subjects, 
it  appears  that,  on  the  average,  resistance  values  do  not  agree  within  2  ohms  and 
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reactance  values  do  not  agree  within  1  ohm.  In  some  cases  the  agreement  is  perfect; 
in  others  the  discrepancies  are  so  great  that  computed  values  of  Q  for  the  internal 
tissues,  which  should  be  the  same,  differ  by  10  per  cent.  It  is  our  feeling  that  no 
significance  can  be  attached  to  data  in  which  the  maximum  error  is  as  great  as  one- 
fifth  this  amount. 

Results  of  Separate  Measurements  of  Branch  Impedances.  To  aid  in  a 
clear  understanding  of  the  relations  between  the  several  impedance  quantities 
for  the  various  body  samples  under  consideration  the  vector  diagrams  of  figure 
1  have  been  prepared.  The  data  are  from  the  same  subject  as  that  for  figure 
4  (2) .  In  the  upper  diagram  are  drawn  to  scale  the  vector  quantities  represent¬ 
ing  the  impedances  between  band  electrodes  placed  on  the  upper  arms.  The 
values  for  the  lower  diagram  are  those  involved  in  the  immersion  method.  To 
facilitate  analysis  of  these  impedances  the  numerical  values  of  the  individual 


Table  1.  Values  of  the  several  impedance  quantities  for  constituent  and  total  samples 

TAKEN  WITH  BAND  ELECTRODES  ON  THE  UPPER  ARMS  AND  BY  THE  IMMERSION  METHOD. 
DIAGRAMMATIC  REPRESENTATION  IS  GIVEN  IN  FIGURE  1. 


Sample 

R 

X 

Z 

1  ^ 

Case  1 

B  Internal  tissues  between  band  electrodes  on 
upper  arms 

S  Sum  of  external  tissues  under  band  electrodes 
T  Total  sample  between  band  electrodes 

145.7 

34.6 

180.3 

16.1 

49.8 

65.9 

146.5 

60.6 

191.8 

0.110 

1.44 

0.365 

Case  2 


B 

Internal  tissues  between  elbows 

265.3 

28.7 

266.8 

0.108 

S 

Sum  of  immersed  arms 

27.0 

16.0 

31.4 

0.592 

T 

Total  sample  taken  by  immersion  method 

292.3 

44.7 

295.6 

0.153 

quantities,  R,  X,  Z  and  Q,  for  each  sample,  are  given  in  table  1.  Particular 
attention  is  called  to  the  following  points. 

Although  the  internal  tissues  included  in  the  two  cases  are  for  different 
portions  of  the  body  and  the  magnitudes  of  their  impedances  are  markedly 
different,  the  tangents  of  their  vector  angles,  Qsi  and  Qb2,  differ  by  only  2 
per  cent.  This  illustrates  our  claim  that,  to  a  first  approximation,  the  internal 
tissues  are  homogeneous  with  respect  to  the  quantity  Q.  The  argument  in  favor 
of  2  as  an  indicator  of  the  quality  of  the  sample  has  already  been  presented. 
The  validity  of  this  argument  rests  upon  the  assumption  that  the  sample  is 
homogeneous.  It  is  therefore  enhanced  when  the  sample  is  composed  solely 
of  internal  tissues.  It  was  found  early  in  our  work,  as  already  reported,  that 
similar  homogeneity  was  not  present  in  surface  tissue. 

The  resistance  of  the  total  sample,  in  case  1,  is  due  largely  to  the  resistance 
of  the  internal  tissues.  It  is,  therefore,  greatly  influenced  by  the  location  of  the 
band  electrodes.  The  reactance  of  the  total  sample  is  due  largely  to  the  re¬ 
actance  of  the  surface  tissues.  It,  then,  is  greatly  influenced  by  the  size  of  the 
band  electrodes.  The  value  of  Q  for  the  total  sample,  being  the  ratio  of  these 
quantities,  is  thus  dependent  upon  both  the  size  and  the  location  of  the  elec¬ 
trodes.  It  does  not  measure  an  inherent  property  of  the  body. 
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It  is  evident  from  an  examination  of  the  values  of  the  impedance  quantities 
shown  in  the  table  that  the  only  one  which  is  the  same  in  the  two  cases  is  the 
quantity  Q  for  the  internal  tissues.  It  is  also  true  that,  of  all  the  quantities 
listed  for  each  case,  this  one  only  is  almost  wholly  independent  of  factors 
subject  to  the  discretion  of  the  observer  and  is  determined  solely  by  the  prop¬ 
erties  of  the  tissues. 

This  exhibit  demonstrates  the  interrelations  between  the  several  impedance 
quantities  of  both  constituent  and  total  samples  for  two  different  body  con¬ 
nections.  Brazier’s  statement  that  the  quantities  appearing  in  our  method  bear 
no  relation  whatever  to  those  appearing  in  hers  is  obviously  a  denial  of  the 
laws  of  mathematics  and  of  electrical  technology.  The  relation  is  that  of  the 
parts  to  the  whole. 

The  two  cases  illustrated  above  were  selected  because  they  are  those  for 
which  Brazier  claims  significant  relations  between  the  impedance  of  the  total 
sample  and  thyroid  condition.  She  also  claims  that  the  impedance  of  the 
internal  tissues  shows  no  such  relation.  These  conclusions  are  not  consistent 
when  viewed  in  the  light  of  established  facts.  The  internal  tissues  have  been 
shown  to  contribute  a  major  portion  of  the  impedance  of  each  of  the  total 
samples.  The  contribution  of  the  surface  tissues  has  been  shown  to  be  de¬ 
pendent  upon  the  details  of  the  electrical  connections.  The  two  contributions 
are  certainly  independent  of  each  other,  as  the  two  types  of  tissue  may  be  com¬ 
bined  in  any  arbitrary  manner.  It  must  follow,  therefore,  if  the  impedance  of 
the  internal  tissues  bears  no  relation  to  a  given  condition,  that  the  impedance 
of  any  sample  of  which  these  tissues  are  a  major  constituent  must  also  be  un¬ 
related  to  that  condition. 


INTERPRETATION  OF  RESULTS 

In  this  section  it  is  particularly  important  to  distinguish  clearly  between 
verifiable  facts,  statistical  evidence,  and  conclusion^  based  on  statistical  evi¬ 
dence.  The  statistical  evidence  underlying  our  conclusions  as  to  the  relation 
between  electrical  impedance  and  thyroid  condition  may  be  summarized  as 
follows: 

A)  The  quantity  Q  shows  a  tendency  to  have  lower  values  for  hyper¬ 
thyroids  and  higher  values  for  hypothyroids  than  for  normal  subjects  of  the 
same  sex.  This  is  reported  by  several  investigators  who  have  used  the  Brazier 
technique.  We  have  shown  that  it  is  particularly  true  when  the  internal  tissues 
are  measured  alone.  In  addition  to  the  data  which  have  already  been  published 
on  this  point  may  be  shown  the  data  plotted  in  figure  2. 

B)  The  quantity  Q  for  hyperthyroids  shows  no  tendency  to  approach 
the  normal  range  with  iodine  medication.  This,  again,  has  been  established 
by  a  number  of  observers  during  studies  based  on  the  Brazier  technique.  As 
shown  before  (3,  fig.  5),  it  is  also  found  to  be  the  case  for  the  internal 
tissues  alone. 

C)  The  quantity  Q  for  hypothyroids  shows  some  tendency  to  vary  toward 
the  normal  range  as  a  result  of  treatment  with  thyroxin.  This  is  clearly  shown, 
for  the  internal  tissues,  in  the  previous  paper  (3,  figure  4,  chart  E). 

D)  The  quantity  Q  for  the  internal  tissues  of  a  considerable  number  of 
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miscellaneous  non-thyroid  hospital  cases  has  been  found  by  us  to  have  values 
outside,  and  particularly  below,  the  normal  range.  This  is  well  illustrated  in 
figure  2.  There  is  little  evidence  regarding  similar  cases  measured  by  the 
Brazier  method,  except  that  recently  reported  by  Robertson  and  Wilson  (6). 
No  obvious  correlation  was  found  for  the  commoner  disorders  present  in  medi¬ 
cal  and  surgical  wards.  A  single  case  of  Addison’s  disease  was  examined  and 
found  to  be  below  the  normal  range.  An  important  point  in  connection  with 
evidence  pertaining  to  a  situation  of  this  character  should  not  be  overlooked; 


26  NORMAL  NURSES 


4  MVXCOEMAS 


10  HYPERTHYROIOS 


23  MISC.  NON-THYROID 

hospital  cases 


Fig.  2.  Values  of  the  quantity  Q  for  the  internal  tissues,  measured  between  band  electrodes  on  the 
upper  arms,  at  10  kilocycles,  for  72  women.  Percentage  distributions  in  three  arbitrarily  assigned  ranges 
are  shown. 


more  data  are  required  to  indicate  that  it  does  not  exist  than  is  sufficient  to 
prove  that  it  does. 

E)  Values  of  the  quantity  Q  for  the  internal  tissues  are  not  indicative 
of  the  B.M.R.  ( 3,  fig.  6,  7 ).  It  is  also  true  for  non-thyroid  patients. 

F)  There  is  some  slight  evidence  that  the  value  of  the  quantity  Q  for  the 
internal  tissues,  in  hyperthyroids,  rises  following  thyroidectomy.  This  has  been 
found  in  cases  showing  no  change  in  B.M.R. 

There  appears  to  be  general  agreement  regarding  the  first  three  of  the 
above  statements  in  so  far  as  they  apply  to  data  taken  by  the  immersion  method. 
The  only  data  other  than  our  own  on  the  internal  tissues  is  that  covering  the 
1 2  cases  reported  by  Brazier  ( 1 ) .  This  appears  not  to  confirm  our  findings. 
We  believe,  however,  that  the  number  of  cases  covered  by  our  investigations, 
together  with  the  accuracy  which  we  know  to  hold  for  our  measurements,  en¬ 
titles  our  data  to  consideration.  If  the  validity  of  our  data  is  admitted  it  will 
be  found  to  support  our  conclusion  that  the  statistical  evidence  as  to  the  rela¬ 
tions  between  impedance  and  thyroid  condition  found  in  data  taken  by  the 
Brazier  method  appears  even  more  clearly  in  data  taken  on  the  internal  tissues 
alone. 

Our  conclusions,  reached  after  a  careful  study  of  the  evidence  summarized 
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above,  are  as  follows.  A)  Determinations  of  the  quantity  Q  cannot  be  used 
in  place  of  determinations  of  B.M.R.  because  of  lack  of  concurrence  between 
them.  B)  The  quantity  g  is  not  a  specific  indicator  for  thyroid  condition  be¬ 
cause  other  pathological  causes  have  been  found  which  give  the  same  deviations 
from  normal. 

Brazier’s  argument  in  favor  of  using  impedance  data  in  place  of  the 
B.M.R.  is  obviously  based  on  her  belief  that  it  yields  more  pertinent  informa¬ 
tion  regarding  thyroid  condition.  Assuming  this  to  be  true  it  must  be  conceded 
that  it  does  not  yield  the  same  information.  In  consequence  we  feel  that,  while 
one  measurement  may  supplement  the  other,  it  cannot  replace  it. 

The  second  point  where  Brazier’s  conclusions  and  ours  differ  involves  the 
clinical  utility  which  may  be  ascribed  to  impedance  data.  Although  the  ex¬ 
istence  of  a  relation  between  the  quantity  Q  and  thyroid  activity  has  been 
clearly  demonstrated  we  are  not  yet  willing  to  recommend  the  introduction  of 
impedance  measurements  into  general  diagnostic  practice. 

An  examination  of  Brazier’s  criticism  of  our  work  discloses  that  it  is  based, 
not  on  any  fallacy  in  our  fundamental  technique,  nor  on  any  error  in  our 
measurements,  but  on  our  conclusions.  The  obvious  primary  basis  for  her  ob¬ 
jections  is  found  in  the  following  statements  ( 1 ) .  "With  such  widely  differing 
techniques  there  is  little  reason  to  expect  any  close  concordance  in  the  results 
obtain^,  nor  have  Horton,  Van  Ravenswaay,  Hertz  and  Thom  (10)  demon¬ 
strated  any  such  concordance,  yet  they  assume  that  their  results  may  be  used 
to  dispute  conclusions  arrived  at  by  other  workers  who  have  been  concerned 
with  the  impedance  angle  of  the  body  measured  by  the  Brazier  technique.”  And 
again;  "Since  in  spite  of  their  obvious  recognition  of  the  wide  difference  be¬ 
tween  the  methods  they  still  make  the  tacit  assumption  that  their  failure  to 
obtain  significant  results  entitles  them  to  dispute  the  properties  of  the  im¬ 
pedance  angle  as  established  by  workers  using  the  grazier  technique.” 

We  believe  that  concordance  between  the  results  has  been  fully  demon¬ 
strated,  both  factually  and  statistically.  Our  conclusions  as  to  the  clinical  value 
of  the  Brazier  method  are  based  on  data  taken  by  that  method.  We  believe  that 
significant  results  have  been  obtained  by  measurements  on  internal  tissues 
alone.  We  do  not  dispute  the  properties  of  the  impedance  angle,  only  the 
conclusions  as  to  the  present  utility  of  these  properties  in  indicating  thyroid 
condition. 
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THYROID  DYSFUNCTION  IN  HEMOCHROMATOSIS 


M.  NORMAN  ORGEL  and  DAVID  BARR 
From  the  Department  of  Medicine  of  Washington  University 
and  the  Barnes  Hospital 
ST.  LOUIS,  MISSOURI 

In  the  peculiar  condition  of  hemochromatosis  the  deposit  of  iron  con¬ 
taining  pigment  is  widespread  and  is  known  to  involve  many  structures  in¬ 
cluding,  among  others,  several  of  the  glands  of  internal  secretion.  Altho 
its  eflFect  on  the  anatomy  and  function  of  the  liver  and  pancreas  has  been  much 
emphasized,  the  results  of  its  presence  in  other  glandular  structures  has  been 
less  studied.  Our  interest  in  the  subject  was  stimulated  by  observation  on  the 
following  case  in  which,  in  addition  to  involvement  of  the  pancreas  and  the 
liver,  there  were  many  evidences  of  disturbance  in  the  function  of  the  thyroid 
gland. 

The  patient  was  a  44  year  old  white  male,  a  private  patient  of  Dr.  Oliver  Camp¬ 
bell,  who  first  entered  Barnes  Hospital  on  May  15,  1933.  He  had  been  a  traveling 
salesman  up  to  a  year  before  admission  when,  because  of  his  complaints,  he  changed 
to  an  office  position.  The  family  history  was  irrelevant.  The  past  history  was  negative 
except  for  a  Neisserian  infection  10  years  before.  For  the  past  year  he  had  been 
nervous,  easily  irritated,  and  upset.  During  this  time  he  had  noted  a  fine  tremor  of 
his  fingers.  About  2  weeks  before  admission  he  had  noticed  that,  at  the  end  of  the 
day,  his  ankles  would  swell.  During  the  past  year  he  had  lost  some  20  lb.  He  had  gone 
to  his  physician  who  told  him  that  his  pulse  was  rapid.  On  admission  to  the  hospital, 
examination  showed  a  well-nourished  white  man  weighing  151  lb.  and  looking  his 
age.  His  skin  was  warm  and  moist  and  his  palms  were  damp.  No  unusual  pigmenta¬ 
tion  was  noted.  The  palpebral  fissures  were  widened  and  there  was  a  lid-lag.  The 
pre-tracheal  region  was  full ;  the  thyroid  was  soft,  easily  palpable  but  was  recorded 
as  not  enlarged.  The  heart  was  slightly  enlarged  to  the  right.  Pulse  was  108;  blood 
pressure  (brachial  artery)  166/72.  TTie  liver  edge  was  palpable  2  finger-breadths 
below  the  costal  margin ;  the  edge  was  hard  and  irregular  but  not  tender.  There  was 
a  fine  tremor  of  the  extended  fingers.  The  blood  count  and  the  differential  smear 
were  essentially  normal  except  for  a  3  per  cent  eosinophilia.  The  Kahn  was  negative; 
the  N.P.N.  was  33  mg.  per  cent.  The  urine  showed  a  3  +  sugar.  A  sugar  tolerance 
test  (true  sugar  values)  showed: 

Fasting  blood  sugar  113  mg.  %  urine  negative 

Half  hour  after  meal  287  mg.  %  urine  negative 

One  hour  after  meal  298  mg.  %  urine  4-f-  sugar 

Two  hours  after  meal  347  mg.  %  urine  4-+-  sugar 

Three  hours  after  meal  261  mg.  %  urine  4-1-  sugar 

His  basal  metabolic  rate  on  May  16  was  -t-l6  per  cent.  The  electrocardiogram 
showed  nothing  abnormal.  He  was  put  on  a  diet  of  protein  70,  fat  150  and  carbo- 
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hydrate  150  gm.,  without  insulin  and  his  urine  remained  sugar  free.  He  was  in¬ 
structed  as  to  the  measurement  of  his  diet  and  discharged  on  May  25,  1933,  with  a 
diagnosis  of  diabetes  mellitus  and  questionable  hyperthyroidism.  At  this  time  he  was 
put  on  Lugol’s  solution. 

He  was  first  seen  in  consultation  on  July  10,  1933.  At  that  time  there  was  a 
moderate  exophthalmos  and  a  lid-lag.  The  thyroid  was  slightly  enlarged  but  there 
was  no  bruit.  There  was  a  fine  tremor  of  the  outstretched  fingers.  The  pulse  was 
rapid  and  the  blood  pressure  was  110/70.  The  liver  edge  was  felt  3  finger-breadths 
below  the  costal  margin  and  was  very  hard  and  thick.  The  spleen  projected  2  finger- 
breadths  below  the  costal  margin  and  could  be  percussed  back  to  the  posterior  axil¬ 
lary  line.  His  physician  had  been  impressed  by  the  increasing  brownness  of  his  skin 
and  the  patient’s  sister  had  also  noted  this,  although  it  had  escaped  the  attention  of 
the  patient  himself.  Because  of  these  findings,  the  diagnosis  of  hyperthyroidism  was 
confirmed  and  a  tentative  diagnosis  of  hemochromatosis  was  made.  The  speculation 
arose  as  to  whether  the  diabetes  was  primary,  or  was  associated  either  with  the 
hyperthyroidism  or  a  possible  hemochromatosis.  Another  B.M.R.  was  obtained  on 
July  12th,  and  this  was  +12  per  cent.  He  was  taken  off  all  iodine  and  3  weeks  later 
his  basal  rate  was  +  37  per  cent.  In  the  interval  he  had  lost  about  8  lb.  His  pulse  had 
become  more  rapid  but  he  showed  no  evidence  of  decompensation.  His  course  at  this 
time  suggested  that  this  was  a  case  of  hyperthyroidism  with  diabetes  as  a  secondary 
manifestation.  He  was  instructed  to  rest  at  home  without  any  iodine  for  2  months  and 
then  to  have  a  thyroidectomy. 

He  re-entered  Barnes  Hospital  on  Sept.  11,  1933.  He  had  noted  no  change  from 
his  previous  condition  except  that  he  had  lost  40  lb.  since  his  first  admission,  that  now 
swelling  of  his  ankles  was  more  frequent,  and  that  exertion  was  accompanied  by 
dyspnea.  He  had  remained  on  his  diet  and  there  had  been  no  glycosuria.  At  this  time 
drowsiness  and  apathy  became  marked  and  consequently  a  history  was  difficult  to 
obtain.  Examination  showed  the  patient  to  be  malnourished  with  a  greyish-brown 
pigmentation  of  the  skin  of  the  forearms,  the  postero-inferior  portion  of  the  neck, 
and  the  lower  portion  of  the  legs.  A  biopsy  of  a  deeply  pigmented  area  of  skin  failed 
to  reveal  any  iron  containing  pigment.  At  this  time  no  Exophthalmos  or  lid-lag  was 
noted.  'There  was  a  bruit  over  the  thyroid  isthmus.  The  pulse  was  full  and  bounding 
and  the  blood  pressure  was  120/70.  There  was  fine  tremor  of  the  fingers  and  tongue. 
The  liver  and  spleen  presented  the  same  characteristics  as  on  the  previous  examina¬ 
tion.  'The  genitalia  were  normal.  'The  B.M.R.  on  Sept.  12th  was  +19  per  cent. 
Although  the  picture  of  thyrotoxicosis  was  not  so  marked  as  it  had  been  before,  it  was 
still  thought  advisable  to  perform  a  thyroidectomy  because  of  the  increasing  severity 
of  the  diabetes. 

'The  patient  was  given  LugoTs  solution  from  Sept.  13th  to  Oct.  I4th  with  a 
marked  drop  in  the  B.M.R.  To  prepare  the  patient  for  thyroidectomy,  he  was  put  on 
a  diet  of  protein  60,  fat  150,  and  carbohydrate  300  gm.,  which  he  was  able  to  take 
without  glycosuria  and  with  a  fasting  blood  sugar  of  about  110  mg.  per  cent.  On 
Sept.  16th  the  patient  had  2  chills  with  a  spike  of  fever  going  to  40.6C.  Physical 
examination  showed  no  change  over  the  previous  examination  except  for  absence  of 
abdominal  reflexes  and  the  presence  of  bilateral  Gordon,  Kemig  and  Babinski  re¬ 
flexes.  To  rule  out  encephalitis,  a  lumbar  puncture  was  made  but  this  showed  nothing 
abnormal.  The  patient  had  no  further  fever  until  just  before  death.  His  stupor  gradu¬ 
ally  increased  and  he  was  obviously  losing  ground  rapidly.  Because  of  this  a  thy¬ 
roidectomy  was  definitely  out  of  the  question.  By  this  time  his  B.M.R.  was  below 
zero  per  cent  but,  when  LugoTs  solution  was  discontinued,  it  still  containued  to  fall 
(fig.  1) .  On  Oct.  14th  when  his  B.M.R.  was  definitely  below  zero  he  began  to  mn  a 
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lonsistent  glycosuria  and  a  high  blood  sugar  which  persisted  after  decreasing  the 
carbohydrate  intake  to  250  gm.  At  first  he  could  be  controlled  with  10  to  20  U.  of 
insulin  daily  but  almost  day  by  day  his  insulin  requirement  rose  till  on  Nov.  20th  he 
was  receiving  80  U.  daily.  This  rapid  reduction  in  glucose  tolerance,  in  spite  of  the 
marked  drop  in  the  basal  rate  indicated  that  there  was  no  controlling  relationship 
between  the  glycosuria  and  the  hyperthyroidism.  On  Oct.  25th  it  was  noted  that  the 
jpical  heart  rate  was  very  rapid.  An  electrocardiogram  showed  an  ectopic  auricular 
t.ichycardia  with  occasional  short  runs  of  total  irregularity.  The  rate  was  180.  This 
persisted  till  death.  He  became  more  and  more  stuporous,  finally  developed  a  broncho¬ 
pneumonia  and  died  on  Nov.  22d,  1933. 


Fig.  2.  The  thyroid  at  post-mortem  examination:  A,  hematoxylin  and  eosin  stain,  showing  extensive 
hyperplasia  and  fibrosis ;  B,  iron  stain  showing  distribution  of  pigment. 

Post-mortem  examination  was  made  by  Dr.  Russell  Blattner  1^  hours  after 
death.  The  heart  was  slightly  enlarged,  weighing  370  gm.  There  was  a  broncho¬ 
pneumonia.  The  spleen  was  enlarged  and  weighed  500  gm.  The  Malpighian  bodies 
did  not  stand  out  clearly  and  the  pulp  was  very  hemorrhagic  in  appearance.  Tlie 
pancreas,  liver,  and  thyroid  were  all  a  dark  brown  or  chocolate  color.  The  pancreas 
seemed  to  contain  more  than  the  normal  amount  of  fat.  The  liver  was  large  and 
weighed  1550  gm.  It  showed  a  typical  hobnail  cirrhosis.  The  thyroid  was  of  normal 
size  and  firm  in  consistency  but  the  deep  brown  pigmentation  was  striking.  The 
brain  was  extremely  edematous.  A  small  cyst  was  present  in  the  anterior  lobe  of  the 
pituitary.  The  choroid  plexus  was  stained  a  deep  brown. 

Microscopic  Examination 

Heart.  Practically  every  muscle  bundle  contained  iron  pigment,  which  tended  to 
be  arranged  at  the  poles  of  the  nuclei  and  was  present  in  both  the  auricle  and 
ventricle.  There  was  a  small  amount  of  pigment  in  the  connective  tissue,  especially 
just  below  the  endocardial  surface. 

Lungs.  The  alveoli  were  air-filled,  the  septal  walls  thin  and  delicate.  There  were 
occasional  collections  of  polymorphonuclear  cells  and  bacteria.  Iron  stains  showed 
practically  no  iron  in  the  alveolar  walls.  Collections  of  carbon  pigment  were  numer¬ 
ous. 

Gastro-intestinal  tract.  The  stomach  and  intestinal  tract  showed  no  lesions. 
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Lymph  node.  A  lymph  node  from  the  region  of  the  pancreas  was  heavily  ladm 
with  iron  pigment.  Many  active  germinal  centers  were  seen.  Most  of  the  pigment  w.is 
found  in  the  tissue  between  these  centers. 

Thyroid.  There  was  a  marked  overgrowth  of  fibrous  tissue  throughout  the  gland 
and  one  received  the  impression  that  in  many  places  the  fibrous  tissue  had  squeezed 
out  the  alveoli.  There  was  an  extreme  degree  of  iron  pigment  deposition  situated,  for 
the  most  part,  in  the  free  portion  of  the  secretory  cells,  but  to  some  extent  in  the  con¬ 
nective  tissue.  In  a  few  places  some  iron  granules  were  found  in  the  colloid.  About 
14  of  the  alveoli  were  lined  by  cuboidal  or  low  columnar  cells  and  contained  firm, 
deep-staining  colloid.  The  remainder  showed  varying  degrees  of  hyperplasia.  In 
many  places  the  alveoli  contained  little  or  no  colloid,  the  alveolar  cells  were  all 
cuboidal,  were  thrown  up  into  folds,  and  presented  the  typical  appearance  of  the 
hyperplasia  of  exophthalmic  goitre  (fig.  2,  A  and  B).  The  degree  of  hyperactivity 
appeared  to  be  roughly  proportional  to  the  amount  of  pigmentation  present. 


Fig.  1.  Showing  variations  and  gradual  reduction  in  the  basal  metabolic  rate. 

Pituitary.  In  the  anterior  lobe  there  was  a  small  cyst  lined  by  columnar  epithelium. 
The  gland  in  general  appeared  normal.  All  cellular  elements  were  present  in  ap¬ 
proximately  the  usual  amount.  There  were  a  few  iron  granules  diffusely  scattered  in 
the  cells  of  the  anterior  lobe,  affecting  about  equally  all  the  cell  types.  A  few  granules 
taking  the  iron  stain  were  found  in  the  posterior  lobe. 

Liver.  The  capsule  was  slightly  thickened  and  was  wavy  in  outline  due  to  scarring. 
The  liver  architecture  was  distorted  by  firm  bands  of  fibrous  tissue  which  separated 
the  tissue  into  lobules.  The  fibrous  bands  ran  from  portal  area  to  portal  area  so  th.u 
the  bile  duct  and  vessels  were  surrounded  by  fibrous  tissue.  The  remaining  liver  tissue- 
showed  fatty  infiltration.  All  over  the  organ  clumps  of  brown  pigment  were  apparent 
It  was  most  abundant  in  the  liver  cells  but  the  epithelium  of  the  bile  ducts  were  also 
involved.  Smaller  amounts  were  seen  in  the  fibrous  tissue  strands. 

Pancreas.  There  was  a  moderately  great  increase  in  fibrous  tissue  throughout  tlic 
gland.  The  islands  of  Langerhans  appeared  to  be  moderately  decreased  in  number 
but  many  were  increased  in  size.  Deposition  of  iron  pigment  was  marked  throughout 
the  gland,  but  was  less  prominent  in  the  island  tissue.  There  v/ere  masses  of  regcii 
erating  pancreatic  alveoli  containing  a  decreased  amount  of  pigment.  The  dud 
epithelium  contained  a  moderate  amount  of  pigment  near  its  free  border. 
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Adrenals.  The  adrenal  showed  no  changes  except  for  moderate  pigmentation 
almost  entirely  limited  to  the  cells  of  the  zona  glomerulosa. 

Kidneys.  The  capsule  was  not  thickened.  The  glomeruli  appeared  normal  and 
the  capillary  tufts  were  filled  with  blood.  No  pigment  was  seen  in  the  glomeruli. 
The  tubules  showed  no  significant  changes  except  for  the  deposition  of  pigment 
which  seemed  to  be  limited  to  the  distal  convoluted  tubules,  the  ascending  limb  of 
Henle  and  some  of  the  collecting  tubules.  The  pigmentation  was  unusual  in  that  only 
a  small  portion  of  the  total  number  of  tubules  were  affected. 

Skin.  The  section  stained  with  H.  and  E.  did  not  reveal  definite  pigment.  With 
the  iron  stain,  however,  the  blue  staining  granules  were  readily  seen.  No  pigment 
was  found  in  the  epidermis.  A  few  clumps  of  granules  were  readily  seen  just  below 
the  epidermis,  but  most  of  the  pigment  was  found  deeper  and  about  the  glands. 

DISCUSSION 

The  striking  feature  of  this  case  was  the  hyperthyroidism  which  vmder 
observation  became  at  first  more  severe,  and  then  disappeared  completely. 
This  clinical  picture,  when  considered  with  the  finding  of  hyperplasia  and 
fibrosis  of  the  thyroid  gland,  leads  to  the  suspicion  that  the  deposition  of  iron 
in  the  thyroid  may  cause  irritation  and  hyperplasia,  and  that,  with  continuance 
of  the  process,  fibrosis  and  compression  may  produce  decreased  activity  of 
the  gland. 

Of  the  312  cases  of  hemochromatosis  in  the  literature  (1),  there  are  19 
in  which  determinations  of  the  B.M.R.  have  been  made  (1-14).  The  rates 
varied  widely  from  — 28  to  -|-45  per  cent  but  it  is  not  possible  from  the  data 
to  judge  at  what  stage  in  the  disease  the  observations  were  made.  In  3  the 
basal  rates  were  determined  more  than  once.  In  case  3  of  Althausen  and 
Kerr  (2),  and  in  the  case  of  Labbe  and  his  associates  (9),  there  seemed  to 
be  a  tendency  to  lessening  of  the  thyrotoxicosis  as  the  disease  continued. 


Author 

Date 

Basal  Metabolic  Rate 

Althausen  and  Kerr  (2)  Case  3 

Dec.  1 

-1-19.6 

Dec.  2 

-1-34.4 

Dec.  7 

-1-19.5 

Dec.  27 

-1-10.6 

Jan.  13 

+  7.5 

Jan.  28 

+  4.1 

LabW,  Boulin,  Azerad,  and  Uhry  (9) 

Dec.  22 

-1-22. 

Dec.  27 

-1-25. 

May  16 

+  9. 

Cann  (4) 

Oct.,  1930 

-  2. 

May,  1932 

-1-11. 

Relevant  to  this  discussion  is  the  very  interesting  case  which  Berg  reported 
in  1899  (15).  His  patient  was  a  woman  of  44  who  9  years  previously  had 
had  an  exophthalmic  goitre  with  the  usual  signs  of  hyperthyroidism.  She  was 
treated  by  electrotherapy  and  hydrotherapy  and  gradually  showed  marked  im¬ 
provement  with  a  gain  in  weight  up  to  6  months  before  Berg’s  observation 
when  there  were  symptoms  of  diabetes,  enlargement  of  the  liver,  and  pigmen¬ 
tation,  and  when  a  diagnosis  of  hemochromatosis  was  made.  At  that  time, 
although  she  showed  only  a  slightly  enlarged  thyroid,  the  exophthalmos  was 
still  fairly  marked.  As  the  effectiveness  of  such  treatment  for  hyperthyroidism 
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is  not  usually  notable,  it  appears  not  unlikely  that  the  changes  in  thyroid 
activity  may  have  been  due  to  the  same  factors  that  were  responsible  in  our  case. 

If  hyperthyroidism  were  common  in  hemochromatosis,  one  might  expect 
to  find  evidence  of  hyperplasia  of  the  thyroid  post-mortem.  Of  the  45  cases 
we  have  been  able  to  ^d  in  which  the  thyroid  was  examined  microscopically, 
only  3  showed  definite  hyperplasia  (2,  9,  16).  In  2  of  these  the  B.M.R.  was 
determined.  One  (2,  case  4)  had  a  basal  rate  of  -|-14  per  cent  3  months  before 
death.  The  other  (9,  17)  had  a  basal  rate  of  -^32  per  cent  and  at  autopsy 
the  thyroid  showed  small  vesicles  with  very  little  or  no  colloid  but  with  flat 
epithelium. 

In  every  case  in  which  the  pituitary  has  been  described  microscopically, 
there  has  been  a  deposition  of  iron  pigment  in  the  gland,  frequently  to  a 
marked  degree.  In  one  case  of  Althausen  and  Kerr  there  was  almost  complete 
destruction  of  the  anterior  lobe.  In  view  of  this  frequent  pigmentation  of  the 
hypophysis,  one  might  attempt  to  explain  the  changes  in  thyroid  activity  as 
secondary  to  changes  in  the  thyrotropic  activity  of  the  pituitary.  If,  in  our  own 
case,  the  hypophysis  had  been  responsible  for  the  variations  in  thyroid  activ¬ 
ity,  the  anterior  lobe  must  have  gone  through  a  phase  of  stimulation  followed 
by  inhibition  due  to  damage  to  the  gland.  While  it  cannot  be  denied  that  the 
very  small  amount  of  pigment  in  the  anterior  pituitary  might  have  caused 
functional  change,  the  absence  of  histological  alteration  makes  it  improbable 
that  this  was  a  controlling  factor. 

The  apathy  and  listlessness  that  this  patient  exhibited  were  in  striking 
contrast  to  the  hyperkinesis  usually  seen  in  thyrotoxic  patients.  This  lethargy 
has  been  described  by  numerous  observers.  Sheldon  believes  it  may  be  due  to 
general  depression  of  bodily  functions  because  of  the  pigmentation.  In  view 
of  the  pigmentation  of  the  zona  glomerulosa  of  the  adrenal  gland  in  all  cases 
in  which  the  adrenals  have  been  described  and.  the  similarity  of  the  mental 
state  to  that  seen  in  Addison’s  disease  (18),  some  investigators  believe  that 
this  manifestation  is  secondary  to  involvement  of  the  adrenal  cortex. 

In  this  case  and  in  other  cases  of  hemachromatosis  in  the  literature,  it 
seems  apparent  that  the  thyroid  gland  was  stimulated  by  the  presence  of  pig¬ 
ment.  It  is  known  that  the  thyroid  is  one  of  the  most  labile  structures  of  the 
body  and  that  hyperplasia  may  be  induced  by  a  great  variety  of  influences,  such 
as  infection,  drugs,  lack  of  iodine,  etc.  Among  these  many  stimulating  factors 
must  be  included  the  iron-containing  pigment  of  hemochromatosis. 

This  consideration  suggested  the  possibility  that  some  cases  of  clinical 
hyperthyroidism  might  be  dependent  upon  an  unrecognized  disturbance  in 
pigment  metabolism.  We,  therefore,  examined  the  microscopic  sections  of  the 
last  101  thyroidectomies  done  at  Barnes  Hospital.  Of  these,  20  showed  sig¬ 
nificant  accumulations  of  iron  pigment.  Seventeen  of  these  20  were  cases  of 
hyperthyroidism,  2  showed  carcinoma  of  the  thyroid,  and  1  was  a  goitre  as¬ 
sociated  with  hypothyroidism.  In  no  case  was  there  any  evidence  of  a  diffuse 
deposition  of  iron  which  would  lead  us  to  suspect  hemochromatosis.  In  all 
cases  the  pigmentation  was  limited  to  a  few  small  areas  of  the  section  in  which 
there  was  an  increase  in  fibrous  tissue.  The  pigment  was  almost  entirely  limited 
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to  the  interstitial  tissue  and  only  very  rarely  involved  the  secreting  cells.  The 
remainder  of  the  section  showed  no  evidence  of  iron.  As  the  frequency  of 
hemorrhage  in  hyperplastic  thyroid  glands  is  so  well  known,  we  believe  that 
this  deposition  of  iron  is  due  to  extravasation  of  blood  which,  when  resultant 
fibrosis  set  in,  was  held  in  the  fibrous  tissue.  The  breakdown  of  the  hemoglo¬ 
bin  left  the  iron  pigment. 


SUMMARY 

In  hemochromatosis,  the  functional  activity  of  the  thyroid  may  depend  on 
the  response  produced  by  the  deposit  of  iron  pigment.  The  case  presented  here 
and  other  cases  in  the  literature  suggest  that  at  first  the  pigment  increases  the 
thyroid  activity,  but,  as  pigment  deposition  increases  and  fibrosis  sets  in,  there 
is  a  progressive  decrease  in  function. 

Examination  of  101  thyroid  glands  removed  at  operation  presents  no  evi¬ 
dence  to  suggest  that  the  deposit  of  iron  pigment  is  a  frequent  cause  of 
hyperthyroidism. 
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FUGITIVE  ACROMEGALY.  ACROMEGALY  FOLLOWED 
BY  PITUITARY  CACHEXIA 


TREATMENT  WITH  AN  ALKALINE  EXTRACT  OF  THE 
ANTERIOR  PITUITARY 

E.  KOST  SHELTON,  LYMAN  A.  CAVANAUGH  and 
PAUL  R.  PATEK 

From  the  Departments  of  Medicine  and  Anatomy,  University  of 
Southern  California 
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Clinical  studies  of  pituitary  cachexia  (Simmonds’  disease)  (1)  are  fairly 
common.  Calder  (2)  reviewed  the  literature  up  to  1932  and  cited  70  cases. 
Since  this  time  several  new  observations  have  been  recorded.  In  no  instance 
was  reference  made  to  a  preceding  acromegaly.  Pituitary  cachexia  in  its  severest 
form  denotes  failure  of  the  entire  hypophyseal  mechanism  or  at  least  complete 
failure  of  the  anterior  lobe.  In  1928  Bailey  and  Cushing  (3)  described  a 
syndrome  termed  'fugitive  acromegaly’  in  which  the  early  evidences  of  acro¬ 
megaly  were  replaced  by  a  state  of  pituitary  embarrassment.  The  terminal 
phenomenon,  namely,  cachexia,  weakness,  increased  carbohydrate  tolerance, 
etc.,  may  well  have  been  due  to  a  failure  of  the  acidophilic  elements  alone. 
Controlled  clinical  observations  of  such  a  selective  pituitary  deficiency  are 
comparatively  rare. 

The  purpose  of  this  paper  is  to  present  a  dia^ostic  and  therapeutic  study 
of  what  the  authors  believe  to  be  a  case  of  'fugitive  acromegaly’.  In  this  in¬ 
dividual  an  opportunity  was  presented  to  survey  a  more  or  less  selective  de¬ 
ficiency  producing  a  group  of  physiological  phenomena  which  could  be 
ascribed  to  aberrant  secretion  of  the  acidophilic  elements  alone.  In  addition 
it  has  been  possible  to  evaluate  the  effects  of  certain  types  of  therapy  under 
controlled  conditions.  For  these  reasons  a  detailed  report  with  discussions  may 
prove  of  value. 

The  patient  had  completed  2  years  of  medical  study  prior  to  the  onset  of 
his  disorder.  His  cooperation  throughout  the  period  of  observation  (23 
months)  was  of  the  highest  order.  In  so  far  as  possible  standardized  prepa¬ 
rations  were  used  throughout  the  experiment.  An  attempt  was  made  to  measure 
the  effect  of  contaminating  fractions  during  the  period  of  administration  and 
to  evaluate  the  effect  of  foreign  substances  by  periodically  discontinuing  or 
altering  the  regimen. 

CASE  REPORT 

P.R.P.,  a  single,  white  male,  aged  25  years,  consulted  us  in  July,  1933,  com¬ 
plaining  of  anorexia,  loss  of  weight  and  asthenia.  A  history  of  early  otitis  media, 
appendectomy  at  the  age  of  7  and  influenza  at  13,  all  without  sequelae,  was  ob¬ 
tained.  Otherwise  the  patient  had  enjoyed  robust  health  until  March,  1931. 
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Family  History.  The  father,  aged  6l  years,  had  suffered  from  pulmonary  tuber¬ 
culosis  and  later  toxic  goiter  followed  by  thyroidectomy.  The  mother,  aged  56  years, 
aside  from  migrainous  attacks,  was  in  good  health. 

Onset  and  Progress.  The  onset  occurred  acutely  on  March  7,  1931  without 
antecedent  history  of  illness  or  trauma.  It  was  initiated  by  a  severe  pulsating  head¬ 
ache  followed  by  blurring  of  vision  and  diplopia.  A  consulting  neurologist  recorded 
an  ocular  neuritis,  stiffness  of  the  neck  and  loss  of  deep  reflexes.  The  diagnosis 
of  "some  form  of  meningitis”  was  made.  A  mild  fever,  ranging  from  101  to  102“’ 1’. 
i,nsued  and  lasted  for  8  days,  after  which  the  headache  disappeared  and  the  deep 
reflexes  returned.  The  following  4  months  were  spent  in  comparative  well-being. 
Polydypsia  and  polyuria  then  appeared  and  lasted  for  1  month.  Subsequently, 
morexia,  weakness  and  weight  loss  appeared,  all  of  which  have  persisted  throughout 
the  course  of  the  illness.  Five  months  after  the  onset  of  polydypsia  and  polyuria,  he 
weighed  140  pounds,  a  loss  of  47  pounds.  Roentgenograms  of  the  skull  at  this  time 
.showed  a  large  sella  and  large  frontal  sinuses.  The  calvarium  was  thickened  with 
irregular  patches  of  calcification.  Roentgenograms  of  the  chest  revealed  no  pulmonary 
disease.  Basal  metabolic  rate  estimations  ranged  from  — 35  to  — 40  per  cent.  On 
the  basis  of  this  depression  and  because  of  his  complaints  of  lethargy  and  sensitivity 
to  cold,  he  was  given  desiccated  thyroid  (U.S.P.)  3  to  6  grains  daily.  The  onset 
of  cardiac  palpitation  and  nervousness  necessitated  withdrawal  of  the  medicament 
after  a  few  weeks.  The  following  year  (1932)  smaller  doses  of  thyroid  were  pre¬ 
scribed.  Thyrotoxic  symptoms  again  ensued  and  there  was  no  relief  from  com¬ 
plaints.  While  the  hands  were  large  and  spade-like,  there  was  no  progressive  en¬ 
largement  of  either  hands  or  feet.  No  changes  were  discovered  in  the  eye-grounds 
or  visual  fields  and  repeated  roentgen  studies  revealed  no  progress  in  the  enlarge¬ 
ment  of  the  sella.  By  this  time,  however,  several  consultants  suspected  acromegaly 
and  pituitary  irradiation  was  considered.  Because  of  the  conflicting  findings,  the 
patient  consulted  us  in  July,  1933. 

Present  Complaints.  He  weighed  59.9  kg.  (129.5  lb.),  having  lost  a  total  of 
27  kg.  (59.5  lb.).  This  weight  loss  had  been  gradual  and  had  been  accompanied 
by  progressive  asthenia  and  somnolence.  Libido  and  potentia  remained  unimpaired. 
While  he  was  not  totally  incapacitated,  the  gradually  diminished  energy  required 
a  curtailment  of  active  duties.  The  mentality  remained  alert  and  of  a  high  calibre. 
No  changes  in  character,  emotionality  or  disposition  were  noted. 

Physical  Examination  revealed  an  emaciated  individual  of  pale,  pasty  complexion 
with  prominent  facial  bones,  particularly  the  frontals  and  the  zygomatic  processes. 
The  height  was  174.7  cm.  (68.7  in.)  and  weight  was  60  kg.  (129.5  lb.).  The 
optimal  weight  estimation  according  to  the  method  of  Willoughby  (4)  was  73.2 
kg.  (161.0  lb.).  There  was  no  gross  disproportion  in  the  skeletal  measurements. 
The  skin  was  dry  and  cold  but  not  thickened.  No  abnormal  skin  pigmentation  or 
hair  distribution  were  noted.  The  hands  were  large  and  spade-like.  The  feet  did 
not  appear  enlarged  (shoe  size  8^).  The  palpebral  fissures  were  widened.  The 
eye-grounds  and  visual  fields  were  normal.  The  thyroid  was  palpable  but  not  en¬ 
larged.  There  was  no  malocclusion  or  widening  of  the  interdental  spaces.  The 
cardiac  borders  were  within  normal  limits,  the  sounds  were  of  good  quality  and  no 
murmurs  could  be  elicited  before  or  after  exercise.  The  rhythm  was  regular  and  the 
rate  70.  The  blood  pressure  in  a  sitting  posture  was  108/70  mm.  Hg.  in  both  arms; 
upon  reclining,  116/80.'  There  were  no  abnormal  findings  in  the  chest  or  ab¬ 
domen.  The  patient  appeared  greatly  fatigued  during  the  examination  but  was  co- 

*  A  fall  in  blood  pressure  in  the  upright  position  has  been  observed  in  hypopituitary  and  in  hypo- 
adrenal  states  and  has  been  designated  as  the  Schellong-Strisower  phenomenon. 
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operative.  Speech  was  slow,  the  voice  monotonous  and  low  in  pitch.  The  faciei 
appeared  somewhat  mask-like  and  the  expression  changed  slowly.  The  cranial  nerves 
were  entirely  normal.  There  were  no  disturbances  of  gait,  associated  movements  or 
coordination.  Superficial  and  deep  sensations  were  intact.  Reflexes  were  sluggish 
but  otherwise  normal.  Muscle  tonus  was  poor.  The  strength  of  grip  as  measured  by  a 
dynamometer  was  120  in  the  right  hand  as  compared  with  100  in  the  left.  No 
trophic  or  vasomoter  disturbances  were  discovered. 

Roentgen  studies  of  the  right  hand  (fig.  1)  showed  a  tufting  of  the  dista! 
phalanges  and  hooking  of  the  thumb  with  thickening  and  other  bony  changes  char¬ 
acteristic  of  early  acromegaly.  Similar  changes,  but  less  prominent  were  found  in 
the  right  foot.  Studies  of  the  spine  disclosed  no  bony  disorder.  Stereoscopic  studies 
of  the  skull  (fig.  2)  revealed  the  antero-posterior  diameter  of  the  sella  as  measuring 


Fig.  1.  (Right)  Roentgenogram  of  patient's  hand  showing  heavy  bony  structure,  tufting  of  distal 
phalanges  and  hooking  of  thumb.  Roentgenogram  of  patient’s  skull  (Left)  showing  enlargedf  sella  and 
calcified  area.  This  calcification  when  examined  stereoscopically  appeared  to  be  within  the  sella. 


1.6  cm.;  the  floor  of  the  skull  through  the  sella  measured  15.5  cm.  The  anterior 
and  posterior  clinoid  prcKesses  were  unusually  thick.  A  small  spur,  several  millimeters 
in  length,  upon  the  posterior  clinoids  extended  posteriorly  from  a  point  mid-way 
between  the  tips  of  the  clinoids  and  the  base  of  the  dorsum  sellae.  The  floor  of 
the  sella  was  smooth  with  no  evidence  of  erosion  or  of  pressure  displacement.  A 
faint  circular  opacity  approximately  5  mm.  in  diameter  was  noted  within  the  sella. 
The  bony  calvarium  showed  excessively  large  frontal  sinuses.  A  calcified  pineal 
shadow  was  present  but  not  displaced.  The  conformity  of  the  frontal  region,  the 
development  of  the  sinuses  and  the  prominence  of  the  jaw  suggested  acromegaly. 

Laboratory  Findings,  on  admission,  were  as  follows.  The  red  blood  cell  count 
was  4,500,000;  white  cells,  8,330;  polymorphonuclears  47  per  cent;  lymphocyte^ 
42  per  cent;  mononuclears,  5  per  cent;  transitionals,  2  per  cent;  eosinophiles,  3 
per  cent;  basophiles,  1  per  cent.  The  blood  Wassermann  reaction  was  negative.  Thi 
urine  findings  were  normal.  A  water  retention  test  (Kamm)  was  made.  Administra¬ 
tion  of  a  liter  of  water  orally  led  to  an  output  of  140  cc.  in  4  hours.  The  output  waN 
the  same  in  a  similar  period  of  time  when  0.3  cc.  obstetrical  pituitrin  was  adminis 
tered  concomitantly.  A  glucose  tolerance  test  gave  the  following  capillary  blood  sugar 
values:  fasting,  100  mg.  per  100  cc. ;  ^2  hr.,  115  mg. ;  1  hr.,  90  mg. ;  2  hr.,  90  mg. . 
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3  hr.,  80  mg.  No  sugar  appeared  in  the  urine.  Basal  metabolic  rate  estimations,  on 
different  days,  averaged  — 27  per  cent. 

In  view  of  these  findings  it  was  felt  that  the  patient  suffered  from  a  transitional 
form  of  pituitary  disorder  in  which  a  primary  hyperactive  state  had  been  replaced 
by  a  modified  form  of  pituitary  cachexia.  A  therapeutic  test  with  alkaline  extracts 
of  the  anterior  pituitary  seemed  advisable.*  Two  cc.  was  administered  intramuscu¬ 
larly  daily,  at  intervals,  over  a  period  of  20  months.  The  effect  of  these  extracts  on 
weight,  basal  metabolic  rate,  blood  pressure  and  muscular  strength  are  shown  in 
chart  1.  The  study  has  been  interspersed  with  control  periods  without  medication, 
others  with  thyroid  therapy  and  still  others  with  large  doses  of  a  glycerin  extract  of 
adrenal  cortex  by  mouth.  It  will  be  seen  that  the  patient  gained  weight  rapidly 
during  the  first  6  months  of  pituitary  therapy  and  that  the  administration  of  thyroid 
for  6  weeks  led  quickly  to  weight  loss.  Resumption  of  the  pituitary  fractions  led 
again  to  weight  gain  which  was  subsequently  followed  by  weight  loss  as  soon  as 
the  treatment  was  withdrawn.  This  apparently  was  a  therapeutic  confirmation  of 
the  diagnosis  of  pituitary  deficiency. 

The  results  of  laboratory  tests  conducted  during  the  period  of  observation  may 
be  recounted.  Soon  after  treatment  was  started  with  the  pituitary  fraction,  insulin 
tolerance  was  measured  with  the  following  results:  0.01  unit  of  insulin  per  kilo 
body  weight  (total  0.64  units),  given  intravenously,  led  to  severe  hypoglycemic 
symptoms  within  20  minutes,  at  which  time  the  capillary  blood  sugar  was  70  mg. 
This  sensitivity  to  insulin  was  present  throughout  the  entire  period  of  20  months. 
The  glucose  tolerance,  however,  gradually  increased  and  at  the  end  of  1  year  was 
as  follows:  fasting,  90  mg.  per  100  cc.;  hr.,  142  mg.;  1  hr.,  150  mg.;  2  hrs., 
40  mg.;  3  hrs.,  122  mg.;  4  hrs.,  100  mg.  Specific  dynamic  action  tests  at  no  time 
revealed  any  departure  from  the  normal.  This  was  also  true  of  the  estimations  of 
serum  calcium,  phosphorous,  total  proteins,  albumin  and  globulin.  The  blood 
cholesterol,  while  slightly  above  average  (227-231),  did  not  vary  appreciably. 

Basal  metabolic  rates  were  determined  repeatedly.  There  was  a  slight  rise  after 
the  first  week  of  pituitary  treatment  followed  by  a  sharp  fall.  These  persistently 
low  values  ranging  from  — 30  per  cent  to  — 40  per  cent  are  shown  in  chart  1.  Check 
roentgenograms  of  the  calvarium  (3-8-35)  presented  the  same  findings  as  at  the 
beginning  of  the  observation  with  the  possible  exception  of  a  more  densely  calcified 
area  within  the  sella  turcica. 

DISCUSSION 

The  patient  presented  roentgenographic  evidence  of  early  acromegaly, 
namely,  a  thickened  bony  calvarium,  large  sella,  prominent  frontal  and  zygo¬ 
matic  bones,  large  frontal  sinuses,  large  hands  with  tufting  of  the  distal  phal¬ 
anges  and  hooking  of  the  thumb.  At  no  time  during  our  period  of  observation, 
however,  were  there  symptoms  of  active  acromegaly.  It  was  assumed  that  this 
disorder  had  been  active  sometime  prior  to  the  onset  of  the  clinical  manifesta¬ 
tions  herein  described  and  were  inactivated  by  the  acute  illness  of  March, 
1931.  While  the  nature  of  this  illness  remains  obscure,  the  site  of  the  patho¬ 
logical  lesion  was  probably  in  the  neighborhood  of  the  hypothalamus,  as  evi¬ 
denced  by  the  transient  diabetes  insipidus  which  later  ensued.  The  present 
slowness  of  speech  and  blankness  in  facial  expression  may  well  be  residuals  of 
that  episode. 

•APE  (A),  anterior  pituitary  extract  supplied  by  the  Department  of  Biological  Research,  University  of 
California,  Berkeley,  California.  APE  (B),  anterior  pituitary  extract  supplied  by  the  Research  Department  of 
E.  R.  Squibb  and  Sons,  New  Brunswick,  N.J. 
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The  outstanding  symptoms  of  the  chronic  illness  which  followed  this  acute 
episode  could  in  no  way  be  attributed  to  active  acromegaly.  On  the  contrary, 
these  symptoms,  together  with  a  high  glucose  tolerance,  low  oxygen  consump¬ 
tion  rate,  hypotension  and  the  presence  of  a  calcified  shadow  within  the  sella, 
pointed  to  hypof unction  of  the  anterior  pituitary.  The  validity  of  this  reason¬ 
ing  was  borne  out  in  the  therapeutic  response  when  alkaline  extracts  of  the 
anterior  lobe  were  administered.  The  most  striking  effect  was  that  upon 
weight.  Weight  gain  was  consistent  while  the  patient  was  receiving  the  ex¬ 
tracts  and  weight  loss  always  ensued  when  they  were  withdrawn.  The  weight 
has  now  apparently  reached  a  plateau  from  10  to  15  pounds  below  the  theoreti- 


Chart  1.  Showing  effect  of  treatment  on  blood  pressure,  muscle  strength  and  weight.  APE== 

anterior  pituitary  extract.  Thy.=thyroid  (V^-1  grain,  daily).  Adr.=adrenal  cortex  by  mouth  (2-3  gm.  fresh 
gland  equivalent,  daily). 

cal  optimal.  A  definite  increase  in  strength  was  noted  from  the  first.  Although 
inadequately  measured,  it  followed  roughly  the  weight  curve  (chart  1 ) .  There 
was,  in  addition,  an  apparent  increase  in  the  tone  and  volume  of  the  muscles. 

A  striking  sensitivity  to  insulin  was  demonstrated.  This  phenomenon  is 
felt  to  be  due  to  a  dearth  of  the  hypophyseal  contrainsular  fraction  or  buffer 
substance  in  contradistinction  to  hypoglycemia  of  purely  pancreatic  origin. 
The  insulin-sensitivity  test  in  the  latter  condition  does  not  lead  to  hypoglycemic 
shock  and  may  be  employed  in  differentiating  between  the  two.  Likewise, 
anorexia  is  common  in  hypopituitary  states,  whereas,  excessive  appetite  is  com¬ 
mon  in  hyperinsulinism.  Originally,  the  glucose  tolerance  was  definitely  in¬ 
creased  and  anorexia  was  present.  Following  4  to  5  months  of  therapy  with 
the  pituitary  extracts,  a  decrease  in  the  glucose  tolerance  and  a  concomitant  in¬ 
crease  in  the  appetite  was  noted. 
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The  blood  pressure  was  not  altered  by  any  form  of  treatment.  A  glycerin 
extract  of  adrenal  cortex  in  relatively  large  doses  was  administered  orally  alone 
and  in  conjunction  with  the  anterior-pituitary  extract.  Daily  blood  pressure 
readings  under  basal  conditions  at  the  same  hour  and  in  the  same  position 
during  this  period  revealed  no  appreciable  change.  According  to  Hoskins  ( 5 ) , 
the  adrenal  preparation,  when  given  in  comparable  doses  to  schizophrenic 
patients,  usually  resulted  in  a  definite  increase  in  blood  pressure.  The  basal 
metabolic  rate  rose  slightly  after  the  first  week  of  treatment  with  the  pituitary 
extracts  but  as  promptly  subsided  to  a  level  lower  than  that  encountered  in  the 
beginning.  Small  doses  of  thyroid  alone  elevated  the  basal  metabolic  rate  to 
around  — 18  per  cent  but  weight  loss  and  aggravation  of  the  subjective  symp¬ 
toms  ensued. 

SUMMARY 

A  case  of  acromegaly  followed  by  pituitary  calcification  and  subsequent 
emaciation  is  reported.  The  symptoms,  signs  and  laboratory  findings  leading 
to  a  diagnosis  of  'fugitive  acromegaly’  are  discussed.  Alkaline  extracts  of  the 
anterior  pituitary  were  employed  as  diagnostic  and  therapeutic  measures.  The 
carbohydrate  tolerance  was  lowered  but  the  basal  metabolic  rate  and  blood 
pressure  remained  unaltered  throughout  the  experiment.  The  patient  regained 
weight,  strength  and  a  sense  of  well-being  and  with  periodic  doses  of  the  ex¬ 
tract  continues  to  maintain  at  a  fair  level  of  normality. 
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HYPERTROPHY  OF  THE  TESTES  WITH  SYMPTOMS 
OF  HYPERORCHIDISM^ 

J.  K.  FANCHER 

ATLANTA,  GEORGIA 

Enlargement  of  the  human  testes,  as  diflFerentiated  from  sexual  precocity 
in  which  the  penis  is  involved  ( 1 ) ,  is  commonly  attributed  to  syphilis,  tuber¬ 
culosis  or  tumor.  Simple  hypertrophy  has  not  demonstrated. 

The  patient  to  be  described  presented  hypertrophy  as  well  as  the  syndrome 
associated  with  over-production  of  the  testicular  hormones.  A  biopsy,  unilateral 
orchidectomy  and  transplantation  confirmed  the  diagnosis. 

Case  report.  M.D.  was  an  American  male  mechanic  of  20  years.  He  was  seen  in 
jail  because  of  stealing  and  wrecking  various  automobiles.  The  essential  factors  in 
his  history  were  a  birth  weight  of  11^  lbs.  with  a  diflScult  labor  of  3  days  without 
instnunentation.  The  first  tooth  appeared  at  5  months.  He  had  the  usual  diseases  of 
childhood.  A  ruptured  appendix  and  infected  tonsils  were  surgically  treated  at  age 
13.  Influenza  at  age  17  was  followed  the  same  year  by  operation  for  left  hydrocele. 
Two  years  later  a  right  hydrocele  was  repaired.  Both  hydroceles  were  unusually  large. 
Three  head  injuries  are  recorded.  One  at  age  16  when  the  patient  stmck  his  head  in  a 
concrete  swimming  pool  and  became  unconscious.  At  age  17  he  was  struck  with  a 
brick  and  later  with  a  hammer,  but  did  not  lose  consciousness.  The  hypertrophy  began 
at  12  years.  Steady  increase  was  noted  in  the  size  of  both  the  scrotum  and  the  testes 
until  after  the  hydrocele  operations.  One  medical  examiner  advised  the  patient  that 
he  probably  had  cancer. 

The  personality  was  reversed.  He  had  been  an  affectionate  and  obedient  child 
but  changed  during  adolescence,  growing  worse  until  his  activities  brought  him  into 
the  hands  of  the  law.  He  admitted  coitus  on  several  occasions.  He  was  very  sensitive 
about  his  enlargement  and  lived  in  extreme  moods.  His  employer  found  his  work 
satisfactory  as  a  mechanic.  Signs  which  augured  the  onset  of  an  abnormal  period 
were:  dilated  pupils;  a  desire  to  be  unmolested;  irritability  even  to  the  point  of 
violence;  at  times  staring  vacantly  into  space;  poor  appetite  and  groaning  in  his  sleep. 
At  times  he  was  perfectly  normal  in  appearance  and  actions.  “Like  a  wave”  over  him 
would  come  the  impulse  that  he  must  do  something.  He  described  this  uncontrollable 
feeling  as  "terrible.”  To  overcome  this  desire  he  drank  whiskey  or  ate  veronal. 
Under  the  influence  of  each  of  these  he  had  on  several  occasions  stolen  and  wrecked 
automobiles.  The  police  recognized  that  the  boy  was  not  vicious  and  did  not  press 
charges. 

The  patient  was  exceptionally  muscular  (fig.  A).  His  voice  was  deep,  well 
modulated  and  pleasant,  and  his  personality  was  attractive.  He  was  71  inches  in 
height  and  weighed  188  lb.  The  estimated  weight  was  158  lb.  He  wore  a  No.  11 
shoe  and  15^^  collar.  He  had  a  moderately  heavy  beard.  His  hands  were  large,  with 
normal  nails,  and  he  was  fairly  well  proportioned  although  the  torso  exceeded  the 

>  Read  before  the  Nineteenth  Annual  Meeting  of  the  Association  for  the  Study  of  Internal  Secretions, 
Atlantic  City,  N.J.,  June  11,  1935. 
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Fig.  1.  A,  Patient  M.D.,  testicular  hypertrophy.  Biopsy  had  been  made  and  the  scrotum  clipped  before 
the  photograph  was  made.  Note  the  exaggeration  of  male  characteristics.  B,  eunuchoid  type  of  hypogonadism. 
The  patient  was  the  recipient  of  two-thirds  of  the  right  testis  of  the  patient  shown  in  A.  Definite  stimulation 
followed. 


The  symptoms  of  hyperorchidism  are  unknown.  The  probable  symptoms 
are  based  upon  clinical  knowledge  of  the  opposite  state,  testicular  hypofunc- 
tion.  Sajous  concluded  that  such  manifestations  should  be:  abundant  facial 
hair,  marked  lack  of  mammary  development,  heavy  musculature  and  great 
strength,  combativeness,  and  sexual  proclivities  above  the  average.  This  patient 
presented  all  these  expected  findings  plus  enlarged  testes,  deep  voice  and 
personality  changes.  In  addition  the  biopsy,  orchidectomy  and  transplant  offer 
substantial  corroboration. 

In  contrast  to  his  previous  history,  the  patient  has  had  no  contact  with  the 
police  since  operation  2  years  ago. 
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long  measurement.  The  scrotum  was  very  large  and  distended  by  the  testes  which 
were  about  the  size  of  goose  eggs.  There  was  no  evidnce  of  scrotal  fluid.  The  blood 
Wasserman  test  was  repeatedly  negative  in  reaction  and  the  blood  chemistry  was  not 
inusual.  The  basal  metabolic  rate  was  — 13  per  cent.  Roentgen  and  neurological 
^tudy  of  the  cranium  showed  nothing  abnormal.  A  biopsy  from  the  left  testis  showed 
no  evidence  of  true  inflammatory  or  neoplastic  structures,  the  entire  process  being 
ipparently  one  of  marked  hyperplasia. 

The  patient  accjuired  a  long  police  record  during  the  following  3  years.  He  also 
had  surgery  for  acute  pancreatitis  and  cholecystitis.  A  period  of  9  months  was  spent 
m  the  state  hospital  for  the  insane  with  a  manic-depressive  diagnosis.  He  finally 
submitted  to  right  orchidectomy.  Two-thirds  of  the  testis  was  transplanted  into  the 
ibdominal  wall  of  a  eunuchoid  patient  (fig.  1,  B)  of  the  same  age  with  striking 
simulation  for  6  months.  The  donor  was  relieved  of  his  symptoms. 
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THE  TREATMENT  OF  PITUITARY  INFANTILISM  WITH 
ANTERIOR  PITUITARY  EXTRACT 


MAX  M.  GOLDBERG 

From  the  Department  of  Medicine,  Touro  Infirmary 
NEW  ORLEANS,  LOUISIANA 


The  purpose  of  this  paper  is  to  report  the  changes  which  occurred  in  a 
patient  in  whom  the  cardinal  symptoms  of  pituitary  infantilism  (undergrowth, 
absence  of  sex  characteristics,  late  epiphyseal  union)  were  present,  co-incident 
with  the  administration  of  anterior  pituitary  extract  (Squibb).  The  infantilism 
was  of  the  Levi-Lorain  type. 

Case  report.  L.  (fig.  I,  A)  male,  aged  I8I/2  years,  entered  the  medical  clinic 
April  26,  1935,  complaining  of  weakness  and  fever  of  several  months  duration.  The 

_  past  history  was  not  significant  except  that  his 

mother  stated  that  he  had  not  grown  since  he 
was  10  years  old.  The  voice  changes  had  never 
^N|L  taken  place  and  the  patient  still  had  a  childish 

HP®*  voice  when  he  entered  the  clinic.  He  stated 

H  j  ■  that  erection  or  ejaculation  had  never  occurred 

H  '  /  •  V  *  \  ^hat  he  had  never  successfully  masturbated. 

2  1  H  {  k  1  Two  younger  brothers,  ages  12  and  16,  were 

|V  I  A  ^  of  normal  height  and  weight. 

®  i  ^  T  ^  complained  mainly  of  weakness  and 

/  i  ■  f  \  lack  of  energy  and  stated  that  he  thought  he 

/  \  W  I  A*  ^  ^  had  fever,  although  his  temperature  was  always 

J  j|L  ^  found  to  be  subnormal  in  the  clinic. 

^ "  »  flra.  ■  Upon  physical  examination,  the  character- 

E  features  were  the  small  stature,  the  old- 

A  *  facial  appearance  (progeria),  the  girlish 

i  voice  and  the  lack  of  axillary  and  pubic  hair. 

.  I  ^  E  -  ^  scant  hairs  were  found  at  the  base  of  the 

ft  penis  was  a  small  normal;  the  tes- 

tides  were  small  and  in  the  scrotum.  The  height 
was  59.4  in.,  the  span  62.5  in.,  the  weight  79 

,  ,  The  routine  laboratory  examination  of  the 

Fig.  1.  A,  The  patient,  aged  I8V2  .  1  ,  ,  ,  ,  ^ ,  ,  r  i- 

years;  height  59.4  in.;  weight  79  lb.  B,  urme  and  the  blood  revealed  normal  findings. 
The  patients  brother,  age  l6l/j  years;  ,v7  i.  i.  *.• 

height  61.5  in.;  weight  109.5  lb.  I  he  Wassermann  test  reaction  was  negative 
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next  3  of  1.5  cc.,  and  the  next  20  of  1.0  cc.  In  all  he  received  36  injections,  or  a  total 
of  37.5  cc. 

The  statural  changes  are  summarized  in  the  table.  The  figures  for  a  younger 
brother  (fig.  1,B)  are  shown  for  comparison. 

On  May  27,  after  13  injections  had  been  given,  the  patient  had  an  erection  and 
ejaculation  for  the  first  time  in  his  life,  during  sexual  intercourse.  Subsequently  sexual 
intercourse  and  masturbation  occurred  normally. 

On  May  29,  he  stated  that  he  no  longer  felt  weak,  he  had  more  energy  and  felt 
like  getting  up  in  the  morning.  On  June  5,  the  patient  complained  of  a  backache 


Patient  L.J. 

4/26/35 

5/22/35 

6/5/35 

9/4/35  ' 

9/30/35 

1/3/36 

Height,  in. 

59.4 

59.9 

60.0 

61.4 

61.4 

62.5 

Span 

62.4 

62.5 

62.5 

63.8 

63.8 

64.5 

Pubis  to  floor 

31.4 

31.5 

32.3 

32.5 

33.4 

Head 

19.5 

19.5 

19.5 

20.3 

20.3 

Chest 

25.5 

25.5 

27.0 

27.5 

27.5 

Waist 

23.0 

23.5 

23.5 

25.3 

25.5 

Weight,  lb. 

79.0 

80.5 

85.0 

85.5 

89.5 

Brother,  R.  J. 

4/26/35 

9/16/35 

Height,  in. 

61.5 

61.5 

Span 

65.8 

66.0 

Pubis  to  floor 

31.8 

32.0 

Head 

21.3 

21.3 

Chest 

31.8 

32.0 

Waist 

27.0 

27.0 

Weight,  lb. 

109.5 

108.5 

beginning  several  hours  after  the  injection  and  lasting  for  several  hours.  Also  he 
complained  that  the  erections  were  prolonged,  5  to  10  minutes  after  ejaculation.  Both 
of  these  symptoms  were  relieved  by  reducing  the  dose  from  1.5  cc.  to  1.0  cc. 

Treatment  continued  throughout  June,  July  and  August,  3  cc.  a  week.  During 
the  latter  part  of  August  and  the  first  part  of  September  voice  changes  took  place, 
the  voice  becoming  crowing  and  changing  suddenly  in  pitch  during  conversation. 
Definite  stimulation  of  pubic  hair  growth  and  penile  growth  occurred.  Masturbation 
and  sexual  intercourse  occurred  normally.  Treatment  was  stopped  on  Sept.  4,  at 
which  time  he  had  grown  2  inches.  Radiologic  examination  showed  no  changes  in 
the  epiphyses  at  this  time.  The  younger  brother  showed  no  growth  during  the  period. 
On  Jan.  3,  1936,  a  checkup  showed  that  growth  was  continuing  without  treatment. 


SUMMARY 

Coincident  with  administration  of  37.5  cc  of  anterior  pituitary  extract 
(Squibb)  over  a  period  of  approximately  4^  months,  a  male  patient,  exhibit¬ 
ing  the  cardinal  symptoms  of  pituitary  infantilism  of  the  Levi-Lorain  type, 
gained  2  inches  in  height  and  esAibited  definite  stimulation  of  the  primary  and 
secondary  sexual  characteristics. 

Growth  continued  following  the  cessation  of  treatment,  approximately 
1 1/8  inches  in  4  months.  During  the  period  of  treatment  he  gained  6  lb.  and 
subsequently  4^  lb. 


PITUITARY  INFANTILISM  WITH  DIABETES  MELLITUS 


DANIEL  L.  SEXTON  and  FRITZ  NEUHOFF 
From  the  Endocrine  and  Diabetic  Clinics,  Firmin  Desloge  Hospital 
ST.  LOUIS,  MISSOURI 

Following  the  work  of  Houssay  and  his  collaborators  (1),  Bames  and 
Reagan  (2),  and  others,  little  doubt  remains  that  the  anterior  lobe  of  the 
pituitary  forms  a  substance  the  action  of  which  is  antagonistic  to  insulin,  and 
evidence  tends  to  show  that  this  diabetogenic  substance  is  contained  in  active 
growth  extracts.  This  is  manifested  clinically  in  acromegaly.  Cushing  (3)  has 
stated  that  glycosuria  and  hyperglycemia  occur  in  acromegaly  in  about  the 
ratio  of  1  to  4. 

As  early  as  1911  Goetsch,  Cushing,  and  Jacobson  (4)  called  attention  to 
increased  tolerance  to  carbohydrates  in  hypopituitarism.  Turner  (5)  and 
Schaefer  (6)  working  separately  with  pituitary  dwarfs  found  the  fasting  blood 
sugar  within  normal  limits.  One  of  us  (D.L.S.)  has  found  a  low  normal  fasting 
blood  sugar  to  be  the  rule  in  dwarfism.  Because  of  the  relative  infrequency 
of  glycosuria  and  hyperglycemia  associated  with  pituitary  dwarfism,  the  fol¬ 
lowing  case  is  reported. 

Case  report.  S.B.,  a  Jewish  girl  25  years  of  age,  entered  Firmin  Desloge  Hospital 
on  April  2,  1934  complaining  of  loss  of  20  Ib.  in  weight  during  the  previous  10 
months,  retarded  statural  development,  failure  to  menstruate,  absence  of  secondary 
sex  characteristics,  painful  and  involuntary  urination  on  occasions  when  excited, 
weakness,  nervousness,  fatigue,  and  constipation. 

The  patient  was  an  only  child,  born  of  parents  of  normal  stature.  Her  maternal 
grandmother  had  been  treated  for  diabetes  for  years.  A  full  term  baby,  she  was 
said  to  have  weighed  2.5  lb.  at  birth.  She  was  breast  fed  for  the  first  6  months. 
Dentition,  walking,  and  talking  occurred  at  the  normal  times.  She  suffered  from 
persistent  vomiting  and  diarrhea  throughout  the  first  year  of  life.  At  the  end  of  her 
first  year  she  was  very  small  although  her  exact  weight  was  not  recalled. 

The  common  childhood  diseases  had  occurred.  At  the  age  of  16  she  was  ill 
with  malaria.  She  repeatedly  sought  aid  for  her  underdevelopment,  and  on  one 
such  occasion,  at  about  the  age  of  17  years,  desiccated  thyroid  and  anterior  pituitary 
substance  were  prescribed  and  taken  orally  without  effect.  It  was  shortly  thereafter 
that  Doisy  isolated  the  estrogenic  principle  from  pregnancy  urine.  This  patient  be¬ 
came  the  subject  for  clinical  trial  of  this  hormone  (estrogen)  under  the  supervision 
of  Dr.  George  Gellhom.  Given  5  injections  of  this  preparation  weekly  over  a  period 
of  about  1  year,  she  claimed  to  have  had  slight  vaginal  bleeding  on  3  occasions  at 
irregular  intervals  during  the  last  6  months  of  treatment.  At  no  other  time  in  her 
life  had  she  noted  vaginal  bleeding.  At  the  end  of  a  year  the  injections  were  dis¬ 
continued  and  transplants  of  2  pituitaries  from  young  cattle  were  made  in  the  sub¬ 
cutaneous  tissues  of  her  thigh  by  Dr.  Gellhom.  The  transplants  were  repeated  after 
2  months  with  no  untoward  reaction.  No  record  of  her  height  was  kept  at  that  time, 
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but  according  to  the  patient’s  statement,  she  grew  about  1.5  inches  during  the 
entire  period  over  which  she  had  received  the  estrogenic  principle  and  the  pituitary 
transplants. 

Fasting  blood  sugar  at  the  time  of  these  operations  were  182  mg.  per  cent  on 
both  occasions  and  glycosuria  was  present.  Frequency  of  urination  and  polyuria  of 
3-months’  duration  were  other  complaints  listed  at  the  time  of  these  hospital  en¬ 
trances.  Although  she  had  consulted  physicians  a  number  of  times  before  and  had 
had  repeated  urinalyses,  no  glycosuria  was  ever  reported  to  her.  When  the  diabetes 
was  first  discovered,  she  was  placed  on  a  diabetic  regime  consisting  of  diet  and 
insulin  therapy  to  which  she  adhered  until  1  year  ago  when  of  her  own  accord  she 
discontinued  all  treatment.  For  several  months  before  entering  Desloge  Hospital 
she  had  been  aware  of  glycosuria  but  had  done  nothing  to  overcome  it.  Her  weight 


had  decreased  20  lb.  in  10  months,  and  weakness  and  fatigue  had  assumed  great 
proportions.  On  occasions  when  nervous,  urinary  incontinence  had  occurred,  but 
there  had  been  no  polyuria  or  polydypsia  at  this  particular  time.  There  was  no 
evidence  of  sexual  interests. 

On  physical  examination  the  patient  was  highly  emotional  and  of  an  extremely 
nervous  temperament  which  was  poorly  controlled.  Her  height  was  56  inches,  and 
her  weight  was  68  lbs.  She  had  normal  body  dimensions,  the  upper  and  lower 
measurements  being  exactly  equal.  The  total  span  was  56.2  inches.  The  pulse  rate 
was  84;  the  blood  pressure  was  96/66;  and  temperature  was  98.2°.  She  gave  the 
general  impression  of  a  well-formed  immature  girl  except  for  the  facies  which 
depicted  her  true  age.  The  lack  of  sexual  development,  both  primary  and  secondary, 
was  striking;  the  breasts  were  represented  by  a  slight  fullness  with  small  nipples; 
there  was  no  auxiliary  hair  growth  and  the  growth  of  pubic  hair  was  sparse.  The 
gums  showed  marked  pyorrhea  alveolaris  and  there  were  many  dental  replace¬ 
ments. 

Urinalysis,  single  specimen,  revealed  a  specific  gravity  of  1.030,  sugar  3+  and 
acetone  and  diacetic  acid  positive.  A  24-hour  specimen  amounted  to  2700  cc.,  with 
a  specific  gravity  of  1.028,  sugar  4+,  acetone  2-f ,  and  diacetic  acid  present.  The 
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blood  morphology  was  normal  with  the  exception  of  a  slightly  reduced  hemoglobin 
(78  per  cent).  The  Wassermann  and  Kahn  tests  were  negative.  The  blood  sugar 
was  165  mg.  per  cent.  A  roentgenogram  of  the  lateral  skull  revealed  a  small  bur. 
normal  sella  turcica.  Roentgenograms  of  the  osseous  system  revealed  incomplete 
union  of  the  epiphyseal  centers  with  the  diaphyses. 

Dr.  William  H.  Vogt  reported  the  gynecologic  examination  as  follows.  "The 
external  genitals  are  poorly  developed.  There  is  a  small  amount  of  hair  growth.  The 
labia  majorae  present  a  glistening  white  appearance.  The  labia  minorae  are  absent 
(entirely  atrophic)  except  where  they  form  the  prepuce  and  frenulum  of  the 
clitoris.  The  introitus  is  narrowed,  forming  a  scar-like  ring  and  making  digital  palpa¬ 
tion  of  the  pelvic  organs  impossible.  By  rectal  palpation,  the  uterus  shows  atrophy 
and  retroflexion.  There  are  some  enlarged  inguinal  glands  on  both  sides  but  more 
marked  on  the  right  side.  The  diagnosis  is  leuko-kraurosis.” 

A  psychiatric  examination  by  Mr.  F.  T.  Harrington  was  reported  as  follows. 
"The  patient’s  chronological  age  is  25  years;  her  mental  age  is  17  years,  11  months. 
She  is  classified  in  the  superior  mental  group,  her  IQ  being  112.  The  patient  has 
an  impressive  vocabulary  and  passed  3  tests  in  the  superior  adult  group  and  all 
of  the  tests  of  the  average  adult  group.  She  is  markedly  introverted  and  needs  the 
psychic  stimulus  of  success  in  some  line  of  work.” 

Course.  Treatment  was  directed  toward  the  hyperglycemia  and  glycosuria  (under 
the  direction  of  F.N.).  Her  diet  prescription  was  protein  64  gm.,  carbohydrate 
110  gm.,  and  fat  120  gm.  Insulin  was  given  in  increasing  doses  until,  at  the  end  of 
9  days,  it  was  23  U.  Urine  then  showed  2-f  sugar  but  was  free  from  acetone  and 
diacetic  acid.  The  blood  sugar  had  increased  to  192  mg.  per  cent.  No  attempt  was 
made  to  stimulate  sexual  development  or  growth. 

The  patient  remained  in  the  hospital  only  a  short  time  after  glycosuria  was 
controlled.  She  returned  to  the  clinic  where,  on  supposedly  constant  dosages  of 
insulin  and  regulated  diet,  different  hormones  were  injected  to  note  their  effect 
on  the  blood  sugar  level.  It  was  discovered  that  she  was  not  cooperating  and,  after 
several  unsuccessful  attempts  to  obtain  cooperation,  these  experiments  were  aban¬ 
doned.  Rarely  was  the  urine  sugar-free.  Her  final  diet  prescription  was  protein  63 
gm.,  carbohydrate  110  gm.,  fat  110  gm.  The  prescribed  dosage  of  insulin  was  36 
U.  daily.  Her  weight  after  1  year’s  observation  was  84^  lb.,  an  increase  of  16^2  lt>- 

DISCUSSION 

Reports  of  glycosuria  and  hyperglycemia  with  classical  hypopituitarism 
have  appeared  before.  Shapiro  and  Kliatshko  (7),  Kenyon  (8)  and  Strecker 
(9)  have  reported  cases  of  clinical  hypopituitarism  showing  decreased  toler¬ 
ance  to  sugar,  but  in  each  instance  a  pituitary  tumor  was  found.  John  (11) 
reported  5  cases  of  clinical  hypopituitarism,  without  tumor,  which  showed 
glycosuria  and  hyperglycemia. 

That  the  case  herewith  reported  was  not  primarily  one  of  diabetic  infan¬ 
tilism  is  borne  out  by  the  fact  that  the  patient  was  19  years  of  age  before 
glycosuria  was  discovered.  Since  she  had  consulted  physicians  a  number  of 
times  previously,  it  is  hardly  likely  that  glycosuria  would  have  been  repeatedly- 
overlooked.  Furthermore,  there  were  no  symptoms  of  diabetes  mellitus  until 
shortly  before  the  time  when  glycosuria  and  hyperglycemia  were  discovered. 
Infantile  statural  and  sexual  development  without  demonstrable  organic  cause, 
plus  the  finding  of  delayed  union  of  the  epiphyseal  centers  (normally  epiphys- 
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eal  closure  occurs  between  16  and  18  years  in  the  female)  constitute  the 
cardinal  signs  of  pituitary  dwarfism.  Diabetes  in  this  case  is  believed  to  be 
of  true  pancreatic  origin,  i.e.,  due  to  a  deficiency  in  insulin,  and  its  occurrence 
is  considered  to  be  entirely  independent  of  the  pituitary  syndrome. 


SUMMARY 

The  case  is  reported  of  a  girl  of  25  years  having  diabetes  of  late  onset  and 
presenting  a  classic  picture  of  pituitary  infantilism  (dwarfism).  The  case  is 
paradoxical  in  that  hypopituitarism  is  commonly  associated  with  augmented 
sugar  tolerance. 
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♦  CLINICAL  AND  LABORATORY  NOTES  ♦ 


A  SIMPLE  METHOD  OF  HYPOPHYSECTOMY  IN  THE  DOG* 

Richard  J.  Bennett,  Jr. 

A  new  method  of  hypophysectomy  in  the  dog  has  been  devised  and  found  most 
satisfactory.  In  using  this  method  the  removal  of  the  pituitary  gland  is  complete  and 
the  procedure  is  performed  in  a  relatively  short  time,  the  average  time  required 
being  9  minutes. 

In  studying  the  dog’s  skull,  a  new  plan  of  approach  to  the  pituitary  gland  was 
evolved.  By  forcing  a  sharp  pointed  instrument  through  the  pituitary  fossa  from  the 
inside  of  the  skull,  it  was  found  that  the  point  emerged  in  the  nasopharynx  exactly 
between  and  directly  vertical  to  the  hamular  processes  of  the  pterygoid  (fig.  1.  A). 
A  metal  guide  was  then  constructed  which  fitted  snuggly  over  the  hamular  pro¬ 
cesses  of  the  pterygoid  and  acted  as  an  accurate  guide  to  the  pituitary  fossa  from  the 
nasopharynx.  This  guide  was  perfected  for  use  on  dogs  weighing  from  10  to  20  kg. 
(fig.  1,  B). 

Working  through  the  mouth  of  the  dog  with  the  aid  of  this  guide  proved 
diflicult.  Experience  in  a  large  surgical  practice  where  cysts  of  the  thyroglossal 
duct  are  removed  through  the  structures  in  the  midline  of  the  submandibular  region 
and  tongue  with  little  bleeding,  suggested  the  possibility  of  working  through  the 
same  anatomical  region  of  the  dog.  The  steps  in  the  operative  technic  for  removal  of 
the  pituitary  gland  are  as  follows: 

1.  The  dog  is  given  full  ether  anesthesia  and  then  placed  on  the  operating  table 
in  the  same  position  as  for  an  abdominal  operation. 

2.  The  mouth  is  held  open  with  a  mouth  gag. 

3.  A  curved  metal  intratracheal  tube  for  anesthesia  is  placed  in  the  trachea  in 
such  a  manner  that  the  tube  emerges  from  the  side  of  the  mouth  leaving  the  mid¬ 
line  clear  for  the  operative  procedure. 

4.  The  tongue  is  pulled  well  out  of  the  mouth  and  fixed  to  the  skin  of  the 
lower  jaw  by  means  of  towel  clips. 

5.  The  soft  palate  is  split  down  the  center  from  its  free  edge  to  its  union  with 
the  hard  palate.  The  2  portions  are  retracted  laterally  exposing  the  base  of  the 
sphenoid  and  the  hamular  processes  of  the  pterygoid.  The  nasopharynx  is  painted 
with  2.5  per  cent  tincture  of  iodine. 

6.  The  metal  guide  is  slipped  over  the  hamular  processes  of  the  pterygoid  and 
held  in  the  midline  at  its  anterior  extremity  by  the  assistant  (fig.  1,  C). 

7.  A  point  on  the  skin  in  the  submandibular  region  immediately  above  the 
center  point  of  the  guide  is  prepared  with  2.5  per  cent  tincture  of  iodine.  A  sharp 
scalpel  is  held  in  the  midline  vertical  to  the  plane  of  the  hard  palate  above  this 
point  with  the  width  of  the  blade  in  the  longitudinal  axis  of  the  skull.  After 
making  certain  that  the  scalpel  is  in  the  right  position,  the  incision  is  carried  through 


*  This  work  was  carried  out  in  the  Department  of  Physiology,  University  of  Alberta,  Edmonton, 
Alberta. 
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Fig.  1.  A.  Lon^tudinal  vertical  section  of  the  skull  of  the  dog  showing  the  metal 
guide  in  place.  B.  Diagrammatic  drawing  showing  construction  of  metal  guide.  C.  Dog 
skull  with  mandible  removed  to  show  metal  guide  in  place  in  relation  to  hamular  processes 
of  the  pterygoid. 


the  midline  of  the  submandibular  region  and  the  tongue.  If  a  sufficiently  large 
blade  is  used,  one  thrust  of  the  scalpel  is  all  that  is  necessary  to  admit  the  quarter-inch 
short  bevel  drill  and  its  protecting  sleeve.  The  protecting  sleeve  is  necessary  to 
prevent  the  drill  from  entering  the  pituitary  fossa  too  far  and  thus  injuring  the 
brain. 

8.  The  point  of  the  drill  is  inserted  through  the  incision  in  the  submandibular 
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region  and  tongue  and  is  then  placed  in  the  circular  portion  of  the  guide  just  over 
the  pituitary  fossa.  A  carpenter’s  brace  is  used  to  hold  the  drill. 

9.  Making  certain  that  the  brace  is  vertical  to  the  plane  of  the  hard  palate,  it  In 
turned  slowly.  After  about  10  complete  revolutions,  the  drill  drops  into  the  pituitary 
fossa  and  the  sleeve  around  the  drill  makes  contact  with  the  guide.  A  quarter-inch 
hole  has  then  been  made  into  the  pituitary  fossa. 

10.  The  brace,  drill,  and  guide  are  then  removed. 

11.  A  curved  suction  tip  is  quickly  placed  through  the  quarter-inch  hole  iu 
the  pituitary  fossa  and  the  pituitary  gland  is  easily  removed. 

12.  A  small  piece  of  softened  bone  wax  is  quickly  forced  into  the  quarter-incii 
hole  to  control  hemorrhage. 

13.  The  intratracheal  anesthesia  tube  is  removed  and  the  soft  palate  is  joined 
with  a  running  linen  suture. 

14.  The  skin  incision  in  the  submandibular  region  is  closed  with  1  linen  suture, 
and  the  operation  is  finished. 

Summary.  A  satisfactory  method  of  complete  hypophysectomy  in  the  dog  ha.s 
been  devised  which  requires  an  average  of  9  minutes  for  completion.  The  approach 
to  the  pituitary  fossa  is  made  certain  by  the  use  of  a  metal  guide  fitted  over  the 
hamular  processes  of  the  pterygoid.  A  carpenter’s  ordinary  brace  and  drill  are  used, 
the  drill  being  passed  through  the  submandibular  region  and  tongue  to  enter  the 
guide.  The  gland  is  completely  removed  by  means  of  a  suction  tip. 


ON  THE  EVALUATION  OF  THE  POTENCY  OF 
ESTROGENIC  SUBSTANCES* 


S.  C.  Freed  and  S.  Soskin 

Many  different,  though  chemically  related,  substances  have  been  shown  to  pos¬ 
sess  significant  estrogenic  activity  as  measured  by  vaginal  cornification  in  rats.  The 
latter  reaction,  however,  is  but  one  of  several  produced  by  the  estrogenic  substances. 
Practical  considerations  in  connection  with  the  ease  of  the  experimental  procedure 
have  led  to  the  general  use  of  the  vaginal  smear  method  as  the  basis  for  comparison 
of  the  physiological  activity  of  the  estrogenic  substances.  This  convention  seems 
unwarranted  in  view  of  the  lack  of  evidence  that  there  is  any  constant  quantitative 
relationship  between  vaginal  cornification  and  other,  perhaps  more  significant,  physio¬ 
logical  effects  occurring  in  experimental  animals  after  injection  of  estrogenic  sub¬ 
stances.  Indeed,  unless  such  a  relationship  can  be  shown  to  exist,  it  would  seem 
desirable  from  the  point  of  view  of  the  ultimate  selection  of  these  materials  for 
use  in  the  treatment  of  human  sex  disorders,  to  choose  a  method  of  assay  more 
closely  related  to  the  outstanding  phenomena  of  the  human  sex  cycle.  In  this  regard 
we  wish  to  report  the  effects  produced  by  different  estrogenic  substancs  on  the 
pituitary-ovarian  relationship  in  rats. 

Method  and  Results.  One  of  the  most  fundamental  properties  of  estrin  is  its  in¬ 
fluence  on  the  pituitary  gland.  The  commonly  accepted  conception  of  the  regulation 
of  the  sex  cycle  is  based  on  this  relationship.^  It  has  been  shown  repeatedly  that 
the  continued  injection  of  estrogenic  substance  over  prolonged  periods  produces  an 
atrophy  of  the  sex  organs  through  inhibition  of  pituitary  activity.*-  *  The  following 
results  were  obtained  from  a  comparison  of  the  gonad  inhibiting  activity  of  the 
keto  and  trihydroxyestrins,  contained  in  pregnancy  urine,  with  synthetic  dihydroxy- 
estrin-benzoate. 

An  extract  of  pooled  pregnancy  urine  containing  both  the  keto  and  trihydroxy¬ 
estrins  was  injected  into  adult  female  rats.  The  daily  dose  was  5  R.U.  and  the 
injections  were  conducted  over  a  period  of  30  days.f  The  ovaries  from  the  treated 
animals  averaged  70  mg.  in  weight,  those  of  the  controls,  80  mg.  Grossly  and 
microscopically  the  ovarian  structures  appeared  normal  which  indicates  that  there 
was  only  slight  inhibition  of  pituitary  activity  under  these  conditions. 

A  markedly  different  effect  was  seen,  however,  when  dihydroxyestrin-benzoate 
was  used.J  Injections  of  3  R.U.  daily  over  a  period  of  25  days  resulted  in  a  severe 
atrophy  of  the  ovaries.  The  follicular  apparatus  was  underdeveloped  and  corpora 
lutea  were  absent  or  in  the  final  stages  of  atresia.  These  ovaries  averaged  28  mg. 
and  many  resembled  those  from  normal  infantile  rats. 

*  Moore,  C.  R..  and  D.  Price:  Am.  J.  Anat.  50:  1}.  1932. 

*  Allen,  E.,  and  E.  A.  Doisi;  Am.  f.  Physiol.  69:  573.  1924. 

*  Doisy,  E.  A.,  I.  Curtis  and  W.  D.  Collier;  Proc.  Soc.  Exper.  Biol.  &  Med.  28:  885.  1930. 

*  Meyer,  R.  K.,  S.  L.  Leonard,  F.  L.  Hisaw  and  J.  Martin:  Proc.  Soc.  Exper.  Biol  &  Med.  27:  702. 
1930. 

*  From  the  Department  of  Metabolism  and  Endocrinology,  Michael  Reese  Hospital.  Chicago,  Illinois. 

Aided  by  a  grant  from  the  Committee  on  Scientific  Research  of  the  American  Medical  Association. 

t  The  estrogenic  activity  in  the  crude  P.U.  extract  as  assayed  on  castrated  adults  is  mainly  due  to 
ketohydroxyestrin,  only  about  1  per  cent  is  from  the  tribydroxyestrin.*  There  is  at  least  an  equal  amount  by 
weight  of  tne  latter  present  in  P.U.,  however. 

t  Progynon  B.  obtained  through  the  courtesy  of  Dr.  G.  Stragnell,  Schering  Corporation. 
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Summary  and  Conclusions.  Our  results  demonstrate  that  closely  chemically-re¬ 
lated  estrogenic  substances  di£Fer  markedly  in  their  ability  to  suppress  the  pituitary 
of  the  adult  female  rat  when  injected  in  comparable  doses  based  on  their  ability  to 
cause  vaginal  comification.  This  diflference  is  in  agreement  with  the  work  of  David 
et  al,®  who  showed  that  in  a  series  of  estrin  compounds,  compared  on  vaginal  estrus 
I  units,  there  was  considerable  individual  variation  in  activity  on  smooth  muscle  or 

epithelial  tissue.  Similarly,  related  male  sex  hormones  compared  on  the  basis  of 
i  comb  growth  activity  vary  extremely  in  their  ability  to  stimulate  the  rat’s  accessory 

I  sex  organs.® 

It  is  concluded  that  the  potency  of  an  estrogenic  substance  as  regards  vaginal 
I  comification  bears  no  constant  relationship  to  its  potency  as  regards  other  important 

'  physiologic  properties.  An  assay  of  estrogenic  substance  by  the  vaginal  smear 

method  alone  is,  therefore,  not  a  reliable  indicator  of  its  potency  as  regards  other 
physiologic  properties,  or  of  its  possible  value  in  therapeutics. 

FURTHER  INVESTIGATION  OF  THE  HORMONE  CONTENT  OF 
SALIVA  USING  THE  FEMALE  BITTERLING  TEST* 

Abner  I.  Weisman 

Much  investigation  has  been  carried  on  in  search  of  sources  of  excretion  and 
secretion  of  the  so-called  'sex  hormones.’  It  is  now  a  well  established  fact  that  the 
two  sexes  excrete  both  the  male  and  female  hormones  in  the  urine.  These  hormones 
can  also  be  demonstrated  in  the  blood  stream.  With  all  this  investigation,  little 
attention  has  been  paid  to  the  relationship  of  the  secretions  of  the  salivary  glands 
to  the  sex  hormones.  In  January  1936,  Weisman  and  Yerbury^  reported  a  series 
I  of  experiments  using  mice  as  the  test  animals  and  came  to  the  conclusion  that 

neither  the  estrogenic  hormones  nor  the  anterior  pituitary-like  hormones  were  to 
be  found  in  saliva. 

Recently  there  has  come  into  use  a  new  laboratory  animal,  the  female  European 
bitterling  (Rhodeus  amams),  which  possesses  an  external  ovipositor.  The  fish 
during  its  normal  breeding  season  extmdes  the  ovipositor  to  a  length  of  13  to  23 
mm.  and  thereby  deposits  its  eggs.  It  has  been  shown  by  many  investigators*-  ®>  ® 
that  the  female  bitterling  can  be  stimulated  to  lengthen  its  ovipositor  at  will  by  the 
addition  of  certain  chemical  stimuli  which  are  hormonal  in  nature.®  There  had 
been  some  discussion  as  to  exactly  which  hormone  was  responsible  for  the  ovipositor 
reaction,  and  it  remained  for  Kleiner,  Weisman  and  Mishkind,®  to  definitely  show 
that  the  causative  factors  were  the  male  hormones.  Further  work  by  the  same  au¬ 
thors  confirms  and  corroborates  their  original  findings. 

Experimental.  Using  the  female  bitterling  test  for  male  hormone,  and  following 
the  technique  devised  by  Kleiner  et  al,  salivas  of  normal  males,  normal  females,  and 
pregnant  females  were  tested.  In  the  original  technique  performed  with  urine,  the 
amount  of  substance  used  was  4  cc.  per  liter  of  water  using  4  liters  per  tank.  Since 
saliva  has  a  much  lower  specific  gravity  than  has  urine  it  was  deemed  necessary  to 

*  Dayid,  K.,  J.  Freud  and  S.  E.  D^ongh:  Biochem.  J.  28:  1360.  1934. 

*  Deansely,  K.,  and  A.  S.  Parkes:  Biochem.  I.  30:  291.  1936. 

*  From  the  Endocrine  Clinic  of  the  Metropolitan  Hospital,  New  York. 

*  Weisman,  A.  I.,  and  C.  C.  Yerbury:  Endocrinolon  20:  103.  1936. 

’  Kanter,  A.  E.,  C.  P.  Bauer,  and  A.  H.  Klawans:  Am.  J.  Obst.  &  Gynec.  31:  764.  1936. 

'  Fleischmann,  W.,  and  Susanne  Kann:  Arch.  f.  d.  >es.  Physiol.  230:  662.  1932. 

*  Kleiner,  I.  S.,  A.  I.  Weisman,  and  H.  Barowsky:  J.A.M.A.  104:  1318.  1933. 

*  Kleiner,  I.  S.,  A.  I.  Weisman,  and  D,  I.  Mishkind:  Proc.  Soc.  Exper.  Biol.  &  Med.  34:  367.  1936. 

*  Kleiner,  I.  S.,  A.  I.  Weisman,  and  D.  I.  Mishkind:  J.A.M.A.  106:  1643.  1936. 
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use  more  than  the  amounts  originally  suggested.  Therefor  16  cc.  of  saliva  per  liter 
was  used  in  four  liters  of  water.  Specimens  of  saliva  were  obtained  from  10  normal 
males,  10  normal  females,  and  15  pregnant  females.  A  positive  reading  was  under¬ 
stood  to  be  a  lengthening  of  the  ovipositor  of  at  least  one  out  of  two  fish  in  the 
tank  containing  4  liters  of  water,  within  48  hours  according  to  the  scale  devised 
by  Kleiner  et  al.  In  all  the  35  specimens  tested  upon  the  bitterlings  there  was  not 
one  positive  result.  This  indicates  that  in  64  cc.  of  salivas  there  is  not  one  bitterling 
unit. 

Discussion.  Having  previously  shown  that  the  estrogenic  and  anterior  pituitary- 
like  hormones  were  absent  from  saliva,  it  is  now  shown  that  the  male  hormones 
are  also  lacking  in  the  various  salivas  tested.  This  result  confirms  the  previously 
expressed  opinion  that  the  salivary  glands  are  not  a  pathway  of  sex  hormone 
excretion. 

Summary.  Salivas  from  normal  males,  normal  females,  and  pregnant  women, 
were  tested  upon  the  female  bitterlings  for  the  presence  of  the  male  hormones.  No 
male  hormone  was  found  in  any  of  the  saliva  tested. 


DATING  ENDOCRINE  SUBSTANCES:  A  PLEA  FOR 
FRESH  PRODUCTS 


Israel  Bram 

Prescribing  endocrine  products  without  insistence  on  their  freshness  is  a  com¬ 
mon  flaw  in  glandular  therapy.  Thus  we  subject  ourselves  to  erroneous  impressions 
regarding  the  eflicacy  or  futility  of  the  products  employed,  unwittingly  denying  many 
patients  the  possible  benefit  from  the  use  of  fresh  products.  Indeed,  our  indifference 
to  this  matter  has  subjected  an  unknown  percentage  of  patients  to  acute  illness  from 
poisoning.  The  following  case  histories  will  exemplify. 

For  J.M.,  a  girl  of  13,  was  prescribed  a  capsule  containing  whole  pituitary  sub¬ 
stance.  Two  days  later,  after  having  taken  5  or  6  capsules,  she  began  to  experience 
pain  and  tenderness  in  the  abdomen,  anorexia,  nausea,  and  frequent  bowel  move¬ 
ments.  Careful  inquiry  into  dietary  habits  revealed  no  flaws.  The  remedy  was  dis¬ 
continued  for  a  few  days  and  when  the  symptoms  complained  of  had  ameliorated, 
the  capsules  were  resumed.  After  taking  the  third  capsule,  the  gastrointestinal  symp¬ 
toms  recurred.  Conversation  with  the  druggist  revealed  that  the  pituitary  substance 
had  been  standing  on  his  shelves  for  over  a  year,  the  bottle  having  been  opened 
only  once  before  to  fill  a  prescription.  New  capsules  filled  with  a  fresh  product 
produced  no  complaints. 

Mr.  N.M.,  36,  was  given  a  prescription  calling  for  adrenal  substance  in  3-grain 
capsules.  Several  days  later  he  stated  that  the  capsules  were  causing  loss  of  appetite, 
abdominal  discomfort,  weakness  and  distressing  diarrhea.  He,  too,  was  ordered  to 
discontinue  the  capsules  until  the  symptoms  had  disappeared,  then  to  resume  them 
and  report  any  return  of  symptoms.  Five  days  later,  shortly  after  taking  a  second 
capsule,  the  symptoms  recurred.  The  patient  now  discontinued  the  remedy  and  the 
druggist  was  consulted.  In  this  case  it  was  discovered  that  the  age  of  the  product  was 
about  18  months.  The  resumption  of  the  capsules  filled  with  a  fresh  product  occa¬ 
sioned  no  return  of  gastrointestinal  symptoms. 

While  there  is  considerable  doubt  in  the  minds  of  many  physicians  whether  the 
oral  administration  of  either  pituitary  substance  or  desiccated  adrenal  is  efficacious, 
such  doubt  is  beside  the  point  in  the  present  connection:  the  preparations  were  pre¬ 
scribed  and  the  results  were  as  stated.  Whether  wisely  or  not  such  preparations  are 
in  frequent  use. 

A  number  of  other  cases  of  like  nature  have  come  to  attention  in  recent  years. 
It  would  seem  that  the  assumption  that  endocrine  products  are  always  fresh  is  a 
mistake.  Many  patients  who  should  return  regularly  to  the  physician  for  a  check-up 
disappear  from  his  view  because  of  the  harm  wrought  by  a  prescription  containing 
putrified  endocrine  substance,  the  patient  preferring  to  change  physicians,  or  to 
discontinue  medical  attention. 

If  glandular  opotherapy  is  to  progress,  constant  vigilance  must  be  exercised  re¬ 
garding  the  reliability  of  the  remedies  employed.  It  is  illogical  to  accept  the  premise 
that  organic  substances  are  immune  to  deterioration  as  many  druggists  and  even 
physicians  imply  by  their  indifference  to  the  age  of  these  products.  The  determina¬ 
tion  of  the  potency  and  safety  of  glandular  substances  of  varying  age  should  engage 
the  serious  attention  of  investigators  in  this  field.  It  would  be  reasonable  to  expect 
that  in  the  very  near  future  the  medical  profession  will  insist  that  all  glandular  prod¬ 
ucts  be  properly  dated  by  the  manufacturer  as  to  their  approximate  time  of  expira¬ 
tion  of  freshness  and  usefulness. 


866 


CURRENT  ENDOCRINE  LITERATURE 


1 - 

Fuller  Albright 

COLLABORATORS 

Maurice  H.  Friedman 

Joseph  M.  Looney 

I.  Andrussier 

Murray  B.  Gordon 

Warren  O.  Nelson 

Wayne  J.  Atwell 

Arthur  Grollman 

J.  P.  Pratt 

Geoffrey  Bourne 

Frank  A.  Hartman 

A.  T.  Rasmussen 

Israel  Bram 

E.  C.  Hamblen 

Elmer  L.  Sevringhaus 

John  C.  Burch 

F.  C.  Koch 

L.  B.  Shpiner 

John  C.  Donaldson 

Edward  Larson 

D.  L.  Thomson 

-i - 

J.  T.  Lewis 

R.  L.  Zwemer 

- K 

BOOK  REVIEWS 

Glandular  Physiology  and  Therapy.  A  Symposium.  Prepared  under  the  Auspices 
of  the  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical  Associ¬ 
ation.  Pp.  528.  American  Medical  Association,  Chicago,  Illinois,  1935. 
Twenty-four  contributors,  mostly  outstanding  authorities,  have  contributed  a 
valuable  review  of  recent  accomplishments  in  the  field  of  endocrinology.  Most  of 
the  readers  of  this  Journal  will  have  already  read  this  material  as  it  appeared  serially 
in  the  Journal  of  the  American  Medical  Association  but  will  welcome  it  in  book 
form.  The  individual  articles — 31  in  number — are  generally  based  upon  extensive 
study  of  the  literature  and  good  critical  judgment.  The  work  presupposes  a  fairly 
adequate  knowledge  of  conventional  endocrinology,  hence  would  offer  difficulty 
for  beginners  though  most  of  the  authors  have  given  some  attention  to  orienting  the 
reader  before  getting  into  the  complexities  of  the  subject  matter.  Each  article  is  ac¬ 
companied  by  a  well  selected  bibliography.  The  typography  is  excellent  and  the  book 
is  well  indexed. 

The  Adrenals.  GroUman,  Arthur.  Pp.  410,  The  Williams  and  Wilkins  Co.,  Balti¬ 
more,  1936. 

The  author  has  written  a  useful  book.  It  is  readable,  and  in  general  satisfac¬ 
torily  inclusive  of  the  significant  information  now  available  on  the  adrenal  glands. 
The  historical  introduction  is  especially  satisfactory.  The  work  is  divided  into  14 
chapters  including  anatomical  considerations,  the  physiology  and  pharmacology  of 
the  medullary  secretion,  the  physiology  of  the  cortex  and  a  final  section  on  clinical 
diseases  in  which  adrenal  etiology  is  important.  Particularly  interesting  is  the  dis¬ 
cussion  of  the  'androgenic  zone’  of  the  cortex  which  is  regarded  as  an  independent 
physiological  entity  that  plays  a  special  role  in  the  adreno-genital  syndrome.  A  well 
chosen  working  bibliography  of  704  items  concludes  the  book. 

The  outstanding  defect  is  the  cursory  treatment  of  the  evidence  bearing  on  the 
adaptive  significance  of  the  adrenal  medulla.  Most  students  in  this  field  will  disagree 
with  this  conclusion  that  the  function  of  this  structure  is  essentially  unknown.  The 
tacit  assumption,  too,  is  made  that  all  of  the  secretory  potentialities  of  the  adrenal 
cortex  are  represented  in  the  extract  with  which  the  author  and  his  collaborators 
have  obtained  experimental  familiarity,  and  in  consequence  various  dubious  con¬ 
clusions  are  reached.  In  various  instances  he  has  dismissed  the  work  of  other  inves- 
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tigators  as  'disproven’  because  the  results  obtained  with  their  extracts  have  not  been 
concordant  wiA  those  he  has  obtained.  Two  simple  grammatical  errors  somewhat 
mar  the  diction.  In  several  instances  'shall'  is  used  to  express  third  person  futurity 
and  'h]?potheticate’  for  postulate. 

Altogether,  however,  the  book  will  be  a  welcome  addition  to  the  libraries  of 
working  endocrinologists. 

Time  of  Ovulation  in  Women.  A  Study  of  the  Fertile  Period  in  the  Menstrual 

Cycle.  Hartman,  Carl  G.  Pp.  226.  Williams  and  Wilkins  Co.,  Baltimore,  1936. 

This  book  should  prove  of  considerable  help  in  clarifying  the  situation  as  regards 
the  sterile  period  in  women.  The  author  presents  in  a  lucid  and  scientific  manner 
the  evidence  for  and  against  the  theory  that  the  normal  woman  has  cycles  of  relative 
sterility  and  fertility. 

The  first  seven  chapters  are  concerned  with  a  discussion  of  the  anatomy  and 
physiology  of  the  male  and  female  reproductive  systems  and  of  the  process  of  ovula¬ 
tion  and  fertilization.  The  question  of  sexual  cycles  and  of  biological  rhythms  in 
various  species  of  animals  is  then  considered  and  it  is  pointed  out  that  the  menstmal 
cycle  of  women  is  seldom  if  ever  perfectly  regular  but  varies  around  a  mean  of 
28-29  days,  and  that  more  than  half  of  the  women  studied  have  a  variability  of  1 1 
days  or  over. 

The  rest  of  the  book  takes  up  the  various  methods  of  determining  the  time  of 
ovulation.  The  unreliability  of  most  of  the  data  based  on  statements  of  individuals 
as  to  time  of  coitus  and  occurrence  of  pregnancy  is  pointed  out. 

The  evidence  presented  by  Hartman  from  the  study  of  the  time  of  ovulation  and 
conception  in  the  case  of  monkeys  is  both  comprehensive  and  conclusive.  It  proves 
beyond  question  that  in  the  monkey  the  period  of  ovulation  gives  a  typical  Gaussian 
distribution  such  as  would  be  expected  in  any  biological  process.  He  states,  "Ac¬ 
cording  to  present  figures  she” — the  rhesus  monkey — "has  an  absolute  sterile  period 
from  the  twenty-first  day  on  through  the  seventh  day  of  the  succeeding  cycle." 

The  last  chapter  gives  some  practical  considerations  for  the  clinical  application 
of  the  'safe  period.’  Hartman  believes  that  "most  women  would  remain  sterile  by 
abstaining  from  sexual  intercourse  between  the  seventh  and  the  twenty-first  nights 
after  the  beginning  of  bleeding.”  He  ends  with  a  plea  that  if  a  sufficient  number  of 
intelligent  women  who  utilize  the  method  would  keep  exact  records  of  their  sex 
life,  the  accumulated  data  would  be  extremely  valuable. 

The  book  is  well  written  and  contains  but  few  typographical  errors.  On  page 
118  the  statement  "no  unruptured  follicle  was  found  later  than  eleven  days  and  none 
earlier  than  sixteen  days  prior  to  the  next  menstruation”  should  be  changed  by 
replacing  the  word  "none”  by  "no  corpus  luteum." 

The  book  is  recommended  to  the  general  practitioner  as  a  guide  for  his  instmc- 
tion  of  women  sedcing  information  on  this  important  subject. 

Insulin:  Its  Production,  Purification  and  Physiological  Action.  Hill,  Douglas 

W.,  and  Frederick  O.  Howitt,  Pp.  219.  Hutchinson  &  Co.,  Ltd.  London,  1936. 

This  book  represents  an  excellent  summary  of  the  extensive  clinical  and  physio¬ 
logical  work  which  has  been  done  on  insulin.  The  authors  are  to  be  congratulated 
upon  having  produced  a  most  extensive  compilation.  There  is  an  early  chapter  upon 
the  preliminary  attempts  to  isolate  insulin.  This  is  worthy  of  study  in  itself  as  a 
record  on  the  one  hand  of  the  errors,  the  preconceived  ideas,  and  the  last-hour 
failures  in  perseverance  which  stand  in  the  way  of  discovery  and  on  the  other  hand 
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of  the  degree  to  which  scientific  effort  is  now  interrelated,  progress  in  one  field  per¬ 
mitting  forward  steps  in  a  score  of  seemingly  distantly  related  enterprises.  The 
preparation  and  purification  of  insulin  is  dealt  with  at  length.  The  literature  on 
insulin  substitutes  is  also  examined  and  the  lines  of  further  advance  in  this  direction 
are  described.  The  work  upon  the  physiological  properties  of  the  hormone  is  also 
exhaustively  reported.  It  seems  probable  that  the  more  recent  work  of  Sakel,  Potzl, 
and  Berze  upon  the  effects  of  large  quantities  of  insulin  in  non-diabetic  subjects  will 
necessitate  a  later  revision  of  our  concepts  of  hypoglycemia.  The  various  theories  of 
the  mode  of  action  of  insulin  are  gone  into  in  detail,  and  there  is  a  chapter  on  the 
standardization  of  insulin  preparations.  The  authors  do  not  touch  upon  the  clinical 
uses.  The  book  is  one  to  be  recommended. 

Outposts  of  Science.  Journey  to  the  Workshops  of  Our  Leading  Men  of  Research. 

Jaffe,  Bernard.  Pp.  547.  Simon  and  Schuster,  New  York,  1935. 

This  book  should  prove  a  godsend  to  anyone  who  has  occasion  to  prepare  a 
popular  lecture  on  the  subject  of  endocrinology.  In  a  chapter  of  some  60  pages  the 
author  has  brought  together  a  remaricable  amount  of  picturesque  information  re¬ 
garding  the  hormones.  While  the  style  is  journalistic  the  selection  of  material  and 
the  distribution  of  emphasis  display  a  fidelity  to  the  spirit  of  science  that  one  seldom 
finds  in  a  work  of  this  sort.  True  it  is  that  a  considerable  number  of  minor  slips  from 
meticulous  accuracy  have  crept  in  but  these  are  of  minor  importance  and  in  no 
significant  way  affect  the  larger  truth  that  is  told. 

In  addition  to  the  chapter  that  is  of  special  interest  to  endocrinologists  there  are 
12  others  dealing  individually  with  such  subjects  as  genetics,  anthropology,  physical 
disease,  vitamins,  radiation,  astrophysics  and  weather.  The  book  is  illustrated  with 
an  occasional  text  figure  and  several  excellent  photographs  of  workers  in  the  various 
fields.  A  well-selected  bibliography  serves  to  direct  attention  to  a  variety  of  the  more 
readable  type  of  books  in  the  various  fields  of  science. 

It  may  confidently  be  predicted  that  few  readers  who  consult  the  book  for  en¬ 
docrine  material  will  be  satisfied  until  they  have  read  it  from  cover  to  cover.  They 
will  have  been  conducted  from  chromosomes  to  the  galaxies  of  outer  space.  The 
ability  of  the  author  to  find  his  way  about  in  such  a  wide  variety  of  technical  fields 
and  to  present  his  garnerings  in  so  fascinating  and  reliable  a  way  is  genuinely  re¬ 
markable.  The  book  deserves  the  enthusiastic  reception  that  it  will  no  doubt  receive. 

Hormone  und  itmere  sekretion.  Laquer,  Fritz.  2nd  Edition,  Pp.  368.  Theodor 

Steinkopff,  Dresden  and  Leipzig,  1934. 

The  book  forms  volume  19  of  the  "Wissenschaftliche  Forschungsberichte  Natur- 
wissenschaftliche  Reihe”  edited  by  Raphael  Ed.  Liesegang.  It  is  written  by  the  endo¬ 
crinologist  at  the  University  of  Fraiikfurt.  The  book  is  unusual  in  that  it  covers 
every  endocrine  gland  and  internal  secretion  known  up  to  the  time  of  its  publication 
in  1934. 

The  work  comprises  an  extensive  review  of  the  literature  on  endocrine  glands 
and  their  secretions.  A  thousand  or  more  references,  many  of  them  in  a  group,  are 
quoted  on  each  gland.  Every  phase  of  endocrinology  is  treated,  including  the 
anatomical,  chemical,  physiological,  clinical  and  assay  aspects  of  the  subject.  Little 
is  said  in  the  way  of  discussion  or  interpretation  of  the  references  cited.  The  book 
will  be  found  especially  helpful  to  investigators  in  covering  the  vast  literature  on 
the  various  subjects. 
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Delayed  and  incomplete  union  of  the  epiphyses  of  the  long  bones.  Beard,  E.  E.  To  appear 
in  this  Journal. 

A  case  is  presented  of  delayed  and  incomplete  union  of  the  epiphyses  of  the  long  bones 
in  a  eunuchoid  patient  44  years  old.  Clinical  and  laboratory  findings  suggest  that  this  retard¬ 
ation  may  be  due  to  hypopituitarism  with  deficiency  of  sex  hormone  plus  deficiency  of  growth 
principles. 

Evaluation  of  hormone  dierapy  for  undescended  testes  in  man.  Cramer,  A.  J.,  Jr.  To  ap¬ 
pear  in  this  Journal. 

An  attempt  has  been  made  to  evaluate  the  use  of  hormone  therapy  for  the  correction  of 
human  cryptorchidism.  A  summary  of  the  published  case  reports  to  date,  including  20  cases 
presented  herewith,  makes  a  total  of  81  cases  in  the  literature.  Analysis  of  the  results  show 
that  a  complete  descent  of  the  testes  was  obtained  in  71.6%  and  a  partial  result  in  16%,  making 
a  total  of  87.6%  that  were  benefited  by  this  method  of  therapy.  The  evidence  is  sufficient  to 
consider  hormone  treatment  a  valuable  method  of  therapy  for  undescended  testes.  When  sur¬ 
gical  correction  is  indicated,  the  results  may  be  enhanced  by  the  use  of  hormone  therapy  as 
an  adjunct. 

Blood  chemistry  of  surviving  parathyroidectomized  dogs.  Evans,  E.  I.,  S.  Szurek  and  R. 
Kern.  To  appear  in  this  Journal. 

A  low  serum  Ca  and  high  serum  inorganic  P,  which  according  to  some  workers  should 
precipitate  tetany  in  the  parathyroidectomized  dog,  did  not  precipitate  tetany  in  parathyroidec¬ 
tomized  dogs  in  latent  survival.  Serum  Ca  and  inorganic  P  can  remain  at  tetany  levels  for  at 
least  9  months  in  parathyroidectomized  dogs  without  returning  to  normal.  There  were  no 
significant  changes  in  Na,  K,  Mg  or  chlorides  during  the  survival  period  after  parathyroidec¬ 
tomy. 

Report  of  1600  Aschheim-Zondek  tests  (Friedman  modification).  Feresten,  M.  To  appear 
in  this  Journal. 

A  simplified  procedure  for  the  Friedman  modification  of  the  Aschheim-Zondek  test  is 
described  which  requires:  a)  the  use  of  ordinary  mature,  domestic,  female  rabbits,  weighing 
3  to  7  lb.  or  more,  which  have  been  isolated  in  individual  cages  for  31  days;  i)  a  single  in¬ 
travenous  injection  of  25  cc.  of  filtered  morning  urine;  c)  an  interval  or  48  hours  for  the 
interpretation  of  the  ovarian  reactions;  d)  the  presence  of  lafge  bulging  corpora  hemorrhagica 
for  a  positive  diagnosis.  The  results  of  the  1600  tests  performed  for  the  early  diagnosis  of 
pregnancy  were  positive  in  659  and  negative  in  94 1  instances.  There  were  13  false  negative 
reports,  6  of  which  were  from  patients  less  than  a  week  overdue.  There  were  2  false  positive 
reports,  which  in  retrospect  appear  to  have  been  errors  of  interpretation.  The  total  percentage 
of  error  was  .94%.  Seven  cases  of  tubal  pregnancy,  with  viable  chorionic  villi,  had  positive 
tests.  Experimentally,  28  gravid  rabbits  were  injected  with  urines  to  be  tested  for  pregnancy. 
In  each  case  the  diagnosis  proved  correct  as  checked  with  the  results  of  nongravid  rabbits.  In 
1  case  the  test  for  pregnancy  remained  positive  for  3  days,  and  in  another  for  6  days  after 
the  removal  of  the  products  of  conception  by  curettage. 

The  site  of  formation  of  the  posterior  lobe  hormones.  Fisher,  C.  To  appear  in  this  Journal. 

Four  atrophic  posterior  lobes  of  cats  with  diabetes  insipidus  were  assayed  for  their  melano- 
phore-expanding  activity  on  the  live  frog.  The  results  indicate  that  the  pars  intermedia  of 
these  glands  was  physiologically  active  as  well  as  histologically  intact.  The  conclusion  is  there¬ 
fore  drawn  that  the  absence  of  pressor,  antidiuretic  and  oxytocic  activities  in  glands  of  the 
same  type  as  those  used  in  this  study  is  correlated  with  the  degeneration  of  the  pars  nervosa 
and  that  the  latter  must  play  a  r61e  in  the  elaboration  of  these  components.  The  results  are 
discussed  with  reference  to  the  various  theories  of  posterior  lobe  hormone  formation. 

Transplantation  of  adrenal  tissue  in  Addison’s  disease.  Goldzieher,  M.  A.,  H.  Koster  and 
S.  B.  Barishaw.  To  appear  in  this  Journal. 

A  case  of  Addison’s  disease  is  reported  whose  condition  resulted  from  atrophy  of  the 
adrenal  glands.  Post  mortem  studies  showed  complete  absence  of  adrenal  cortical  tissue.  This 
patient  was  kept  alive  by  administration  of  salt  and  cortical  extracts  for  a  period  of  over  2 
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years.  Interrenin  (Goldzieher)  seemed  to  give  patient  the  best  relief.  Adrenal  tissue  obtained 
from  a  case  of  hypercortical  syndrome  was  transplanted  into  the  rectus  muscle.  The  patient 
survived  the  operation  for  a  period  of  9  months  and  appeared  to  be  restored  to  comparative 
good  health.  Autopsy  revealed  survival  of  the  transplanted  cortical  tissue  in  a  morphologically 
adequate  state  of  preservation.  The  technic  and  chances  of  cortical  tissue  transplantation  in 
Addison's  disease  are  discussed.  The  use  of  a  donor  of  the  same  blood  group  and  stimulation 
of  the  graft  by  injections  of  the  pituitary  corticotropic  principle  are  suggested. 

Effects  on  spermatogenesis  of  a  follicle-stimulating  extract  obtained  from  menopausal  or 
castrate  urines.  Huberman,  J.,  H.  H.  Israeloff  and  B.  Hymowitz.  To  appear  in  this 
Journal. 

A  follicle-stimulating  extract  derived  from  castrate  or  menopausal  urine  has  been  used 
on  10  male  adults  suffering  from  sterility  apparently  of  endocrine  origin.  In  9  cases  the  ad¬ 
ministration  of  this  extract  was  followed  hy  an  increase  in  the  number  and  motility  of  the 
spermatozoa.  In  no  case  was  the  improvement  sufficient  to  render  the  patient  fertile  during  the 
period  of  observation  reported.  The  average  dosage  of  this  extract  was  50  R.U.  given  intra¬ 
muscularly,  twice  weekly.  The  total  amount  administered  varied  from  300  to  2000  R.U.  In 
no  case  was  the  administration  of  the  extract  followed  by  any  deleterious  effects. 

The  effect  on  serum  calcium  and  inorganic  phosphate  of  fractions  obtained  from  crude 
ovarian  extracts.  Huey,  H.  L.,  and  H.  W.  Marlow.  To  appear  in  this  Journal. 

A  study  of  the  effects  on  serum  Ca  and  inorganic  P  of  the  various  fractions  obtained  dur¬ 
ing  the  purification  of  an  ovarian  extract  was  made.  No  fraction  or  combination  of  all  frac¬ 
tions,  including  the  purified  extract,  caused  any  significant  or  consistent  changes  in  either  the 
serum  Ca  or  the  inorganic  P. 

Excretion  of  gonadotropic  substance  in  polycythemia  vera.  Israel,  S.  L.,  and  T.  H.  Mendell. 
To  appear  in  this  Journal. 

An  attempt  was  made  to  evaluate  the  currently-discussed  relationship  of  polycythemia  vera 
to  the  hypophysis  by  determining  the  urinary  excretion  of  the  gonadotropic  hormone.  The  pre¬ 
cipitation  method  of  Zondek  was  employed  in  a  study  of  6  patients  with  polycythemia  vera. 
No  significant  data  were  uncovered  by  the  investigation,  inasmuch  as  none  of  the  6  patients 
showed  a  demonstrable  quantity  of  the  hormone  in  the  urine.  The  absence  of  the  gonado¬ 
tropic  principle  militates  against  the  presence  of  hypophyseal  hyperfunction  in  this  disease. 

Tlie  quantitative  determination  of  the  gonadotropic  material  of  urine  of  women  after 
castration  and  the  menopause  and  of  normal  men.  Katzman,  P.  A.  To  appear  in 
this  Journal. 

A  comparison  was  made  of  the  yields  of  gonadotropic  material  obtained  from  the  urine 
of  women  after  castration  and  the  menopause  and  of  normal  men,  by  precipitation  with 
alcohol,  tungstic  and  tannic  acids  and  adsorption  on  benzoic  acid.  For  the  most  part,  tungstic 
acid,  tannic  acid  and  precipitation  with  alcohol  were  equally  effective  in  concentrating  the 
active  material  of  the  urine  of  women  after  castration  or  the  menopause.  The  benzoic  acid 
method,  however,  gave  low  yields,  especially,  when  the  criterion  of  activity  was  an  increase 
in  weight  of  the  ovaries  of  the  test  animals.  The  activities  of  the  extracts  obtained  from  the 
urine  of  normal  men  by  means  of  tungstic,  tannic  and  benzoic  acids  were  comparable  when  the 
toxicity  was  not  excessive.  Since  these  extracts,  in  the  amoimts  injected,  did  not  produce  an 
increase  in  the  weight  of  the  ovaries  of  the  test  animals,  the  criterion  of  activity  was  based  on 
vaginal  opening  with  comification. 

The  effects  of  chronic  implantation  of  rats  with  pituitaries  of  the  same  species.  Katzman, 
P.  A.,  N.  J.  Wade  and  E.  A.  Doisy.  To  appear  in  this  Journal. 

Starting  at  about  the  age  of  puberty,  10  female  rats  received  chronic  implantation  of  an¬ 
terior  lobes  of  the  same  species.  In  nearly  all  instances  the  ovaries  remained  enlarged  and  in  no 
instance  were  they  sub-normal  in  weight  even  after  7  to  9  months  of  such  treatment.  The 
plasma  of  these  animals  did  not  inhibit  the  gonadotropic  effect  of  implants  of  rats'  pituitaries 
in  immature  females.  On  the  contrary,  an  appreciable  augmentation  usually  occurred.  Further¬ 
more,  the  thyrotropic  effect  of  such  implants  on  the  immature  guinea  pig  was  not  inhibited  by 
the  simultaneous  administration  of  this  plasma.  Therefore,  no  evidence  was  obtained  for  the 
production  of  gonadotropic  or  thyrotropic  inhibitory  substances  in  the  rats  receiving  the 
chronic  treatment. 
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Excretion  of  male  hormones.  Kochakian,  C  D.  To  appear  in  this  Journal. 

A  study  of  the  urinary  excretion  of  male  hormones  by  the  capon-comb  method  of  assay 
was  made.  The  excretion  of  male  hormone  by  12  young  men  22-29  years  of  age  was  apparently 
not  affected  by  season  and  was  6  times  as  great  as  that  excreted  by  3  old  men  30-76  years 
of  age.  Castrated  dogs  were  found  to  excrete  small  amounts  of  male  hormone.  Male  hormone 
urinary  extracts  and  synthetic  androstendione,  injected  into  a  castrated  man  and  into  3  cas¬ 
trated  dogs  as  well  as  into  2  rabbits  with  tumors  of  the  testicle,  could  be  recovered  in  the  urine 
only  to  the  extent  of  2-6%. 

The  effect  of  sex  hormones  on  blood-calcium  and  inorganic  blood-phosphate  levels.  Mar¬ 
low,  H.  W.,  and  F.  C.  Koch.  To  appear  in  this  Journal. 

The  normal  blood  Ca  in  fowl  fluctuates  from  6.1  to  26.7;  in  rats  from  4.7  to  11.1;  and 
in  rabbits  from  9.1  to  16.0  mg.%.  Frequent  daily  bleedings  do  not  appear  to  be  responsible 
for  consistent  changes  in  the  level.  A  non-crystalline  purified  estrogenic  product  prepared  from 
pregnancy  urine  did  not  produce  a  significant  and  consistent  effect  on  the  blood-Ca  level  in 
fowl,  rats  and  rabbits.  A  non-crystalline  purified  estrogenic  preparation  from  hog  ovaries  yield¬ 
ed  the  same  results.  When  gonadectomized  rats  were  studied,  the  results  suggested  a  slightly 
lower  blood-Ca  level  than  normal  and  a  tendency  to  a  rise  after  the  injection  of  ovarian  estro¬ 
genic  preparation.  A  male-hormone  concentrate  prepared  from  bull  testis-tissue  also  produced 
no  change  in  the  blood-Ca  level  in  fowl. 

The  Friedman  test  and  pituitary  tumors.  McCullagh,  E.  P.,  and  W.  K.  Cuyler.  To  appear 
in  this  Journal. 

Fifteen  cases  of  pituitary  tumor  are  presented.  The  diagnoses  were  verified  at  operation 
or  autopsy  in  8  instances,  and  the  clinical  findings  were  so  definite  in  the  others  that  there  was 
little  doubt  regarding  the  diagnosis.  The  Friedman  test  gave  positive  findings  in  8  of  these 
cases.  When  the  Friedman  reaction  is  positive,  radiation  therapy  to  the  pituitary  gland  may 
be  followed  by  marked  diminution  in  the  excretion  of  prolan  as  judged  by  this  test.  In  2  in¬ 
stances,  this  was  accompanied  by  a  diminution  in  the  excretion  of  testicular  hormone. 

Some  effects  of  synthetically  prepared  male  hormone  (androsterone)  in  the  rat.  Moore, 
C.  R.,  and  Dorothy  Price.  To  appear  in  this  Journal. 

Synthetically  prepared  androsterone  (Ruzicka)  injected  into  castrated  male  rats  prevents 
the  development  of  castration  changes  in  seminal  vesicles  and  prostate  glands  at  any  age  and, 
in  proper  doses,  results  in  precocious  secretory  activity  of  the  seminal  vesicles.  It  will  main¬ 
tain  normal  growth  rates  of  these  organs.  Injected  months  after  prepuberal  or  postpuberal 
castration  it  restores  normal  function  in  these  glands.  Androsterone  in  proper  doses  produces  a 
normal  prostate/seminal-vesicle  ratio  in  castrates  and  by  varying  the  dose  this  ratio  can  be  varied 
at  will ;  there  is  no  preferential  prostate  stimulation  when  maintainance  doses  are  employed  but 
prostate  thresholds  are  lower  than  seminal  vesicle  thresholds.  Approximately  3  mg.  daily  is 
required  to  maintain  normal  seminal  vesicle  growth  in  sexually  mature  males.  Androsterone 
treatment  in  normal  young  males  reduces  testis  weight  to  12  to  30%  of  that  of  untreated 
littermate  controls;  testicular  injury  is  evident.  Such  harmful  effects  are  not  apparent  in  testes 
of  mature  adults  after  6  mg.  daily  injections.  Gonadotropic  potency  of  pituitaries  is  abolished 
in  young  males  treated  with  androsterone  and  is  reduced  in  mature  adults.  Testis  injury  is 
believed  to  be  an  indirect  result  from  pituitary  suppression  rather  than  from  a  direct  effect  upon 
the  testis.  Small  doses  failed  to  indicate  any  degree  of  testicular  stimulation. 

Increased  calcium  appetite  of  parathyroidectomized  rats.  Richter,  C.  P.  and  J.  F.  Eckert. 
To  appear  in  this  Journal. 

Appetite  for  Ca  was  definitely  increased  by  parathyroidectomy  in  17  of  18  rats.  The 
average  daily  intake  of  a  2.4%  solution  of  calcium  lactate  for  the  18  animals  was  3.9  times  as 
high  after  parathyroidectomy  as  before.  Replacement  therapy  with  parathyroid  implants  in  3 
animals  to  the  anterior  chamber  of  the  eye  caused  the  Ca  appetite  to  return  to  normal.  The  Ca 
needs  of  18  normal  rats  determined  by  the  appetite  method  averaged  0.036  gm.  per  day  with  a 
maximum  of  0.073  gm.  which  is  somewhat  lower  than  the  amount,  0.124  gm.,  calculated 
empirically  by  McCollum  to  be  necessary  for  normal  growth.  Further  evidence  is  thus  obtained 
showing  that  appetite  is  significant  in  studies  of  deficiencies  created  by  glandular  disturbances  or 
extirpation. 
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Observations  on  “prediabetes.”  Rony,  H.  R.  To  appear  in  this  journal. 

Twenty  cases  of  'prediabetes’  in  obese  persons  were  observed  in  the  clinic  for  1  to  9  years. 
None  of  them  have  developed  diabetes.  In  the  majority  of  the  cases  marked  increase  in  glucose 
tolerance  was  found  at  the  end  of  the  observation  period ;  permanent  decrease  did  not  occur  in 
any  case.  The  changes  in  glucose  tolerance  were  significantly  but  not  invariably  related  to  the 
changes  in  body  weight.  There  is  no  direct  evidence  that  low  sugar  tolerance  in  obesity  is  a 
precursor  to  diabetes.  Obese  persons  with  low  sugar  tolerance  respond  to  low  carbohydrate  diet 
or  fasting  with  immediate  increase  of  sugar  tolerance;  high  carbohydrate  diet  promptly  depresses 
the  sugar  tolerance.  This  is  the  opposite  of  what  is  known  to  occur  in  normal  and  underweight 
persons.  It  appears  that  this  behaviour  of  the  obese  is  due  to  the  capacity  of  the  fat  tissues  to 
absorb  large  amounts  of  glucose  from  the  blood  when  glucose  is  ingested  after  a  period  of 
undemutrition. 

Experimental  studies  of  the  anterior  pituitary.  The  replacement  capacity  and  non-cyclic 
behavior  of  homoplastic  anterior  pituitary  grafts.  Schweizer,  M.,  H.  A.  Charipper  and 
H.  O.  Haterius.  To  appear  in  this  Journal. 

Intra-ocular  implants  attached  to  the  pupillary  margin  of  the  iris  and  extra-ocular  implants 
in  the  lateral  subjunctival  tissues  become  dominantly  basophilic  and  retain  their  gonadtropic 
capacity  in  completely  hypophysectomized  guinea  pigs.  The  ovaries  become  progressively  more 
follicular  until,  after  approximately  2  months,  a  condition  of  constant  estrus  supervenes.  This 
condition  is  characterized  by  a  continual  estrus  vaginal  smear,  by  a  markedly  hypertrophied 
uterus  and  by  well  proliferated  mammary  glands.  The  ovarian  effect  of  such  implants  is  exclu¬ 
sively  a  follicle-stimulating  one;  the  ovaries  contain  no  well  defined  luteal  bodies  and  the 
endometrial  pattern,  moreover,  is  typically  that  brought  about  by  estrin  influence.  The  complete 
absence  of  luteinizing  hormone  is  further  attested  by  the  absence  of  fully  mature  follicles  and 
of  ovulation.  On  the  basis  of  these  observations,  the  conclusions  are  advanced  that  the  hypo¬ 
physeal  grafts  are  functional  in  maintaining  the  ovaries  in  the  follicular  phase  and  that  the 
guinea  pig  pituitary  when  transplanted  to  a  site  removed  from  its  normal  anatomical  position 
loses  its  cyclic  character.  This  cyclic  failure,  in  all  probability,  is  due  primarily  to  the  severance 
and  non-regeneration  of  its  normal  neural  and  vascular  connections. 

The  treatment  of  undescended  testes  with  anterior  pituitary-like  substance.  Thompson, 
W.  O.,  A.  D.  Bevan,  N.  J.  Heckel,  E.  R.  McCarthy  and  P.  K.  Thompson.  To  appear  in  this 
Journal. 

The  eflfect  of  treatment  with  APL  substance  from  pregnancy  urine  was  observed  in  21 
undescended  testes  in  18  boys  from  1.3  to  17  years  of  age.  In  8  instances  the  testes  were  intra¬ 
abdominal  and  in  13  inguinal.  The  dose  of  APL  substance  varied  but  commonly  was  about  200 
R.U.  3  times  a  week  for  an  average  of  5  months.  Descent  occurred  in  4  patients  (19%).  In  all 
4  the  testis  was  in  the  inguinal  canal  before  treatment  and  in  2  could  be  pushed  to  the  upper 
end  of  the  scrotum.  Descent  occurred  within  1  month  in  all  4.  In  1  of  these  4  patients  the  testis 
returned  to  the  inguinal  canal  when  treatment  was  stopped.  In  7  other  patients,  treated  surgically 
after  prolonged  administration  of  APL  substance,  anatomical  factors  making  descent  difficult  or 
impossible  were  present.  However,  preoperative  treatment  with  this  material  caused  definite 
stimulation  of  genital  growth  and  thus  seemed  to  make  surgical  procedures  less  difficult. 

Further  studies  on  the  action  of  parathyroid  extract  in  the  dog  following  total  and  partial 
ablation  of  the  kidneys.  Twe^y,  W.  R.,  R.  D.  Templeton  and  F.  A.  Mejunkin.  To  appear 
in  this  Journal. 

The  serum  Ca  values  and  the  microscopic  observations  at  neaopsy  indicate  that  parathyroid 
extract  is  ineffective  in  the  bilaterally  nephrectomized  dog,  which  has  been  injected,  intramuscu¬ 
larly  with  calcium  gluconate.  After  bilateral  ligation  of  the  ureters  the  reaction  of  the  dog  to 
parathyroid  extract  is  irregular  and  slightly  suggestive  of  hormone  effect.  The  unilaterally 
nephrectomized  dog  reacts  to  parathyroid  extract  in  a  manner  comparable  to  the  normal  dog. 

The  effect  of  anterior  pituitary-like  hormone  on  the  blood  pictiure  in  rabbits.  Wilson,  D.  To 
appear  in  this  Journal. 

APL,  193  injections  of  100  R.U.  each,  was  injected  into  the  marginal  veins  of  11  virgin 
female  rabbits  weighing  between  4  and  8  pounds.  Baseline  counts  had  previously  been  made 
over  a  period  of  1  to  IJ/2  months.  Total  differential  and  reticulocyte  counts  were  made  before 
each  injection  and  at  varying  periods  following  the  injection.  A  marked  leucocytosis  was  found 
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to  occur  within  5-8  hours.  Lymphocytes  were  correspondingly  depressed.  The  red  cell  count 
remained  unaltered.  A  return  to  the  normal  baseline  occurred  in  5-6  days.  When  the  injections 
were  repeated  every  other  day  over  a  period  of  several  weeks  less  and  less  leucocytic  response 
was  elicited  by  a  single  injection  imtil  finally  no  response  was  secured.  It  would  appear  from 
this  that  a  certain  tolerance  was  established  to  frequent  injections.  The  initial  leucocytic  response 
could  however  be  elicited  again  if  the  injections  were  interrupted  for  2  weeks. 

The  importance  of  corticoadrenal  regulation  of  potassium  metabolism.  Zwemer,  R.  L.,  and 

R.  Truszkowski.  To  appear  in  this  Journal. 

The  importance  of  the  adrenal  cortex  in  regulating  K  metabolism  is  discussed  in  relation 
to  the  following  observations.  There  are  definite  changes  in  the  blood  and  muscle  K  of 
adrenalectomized  cats,  which  can  be  correlated  with  the  observed  symptoms.  Furthermore,  the 
various  manifestations  of  the  syndrome  of  adrenal  insuflSciency  were  reproduced  in  normal 
mice,  rats,  guinea  pigs  and  cats  by  intraperitoneal  injection  of  solutions  of  K  salts  in  amounts 
which  will  raise  and  maintain  the  plasma  K  at  levels  foimd  in  adrenalectomized  animals  during 
similar  phases  of  the  syndrome.  lethal  potassium  doses  for  the  above  species  are  also  given. 
Adrenalectomized  animals  were  found  to  be  unable  to  adequately  deal  with  certain  definite 
amounts  of  K,  although  much  larger  amounts  were  easily  disposed  of  by  normal  animals. 
Potassium  tolerance  as  a  quantitative  measure  of  adrenal  insufficiency  should  be  judged  by 
frequent  determinations  of  Ae  blood-K  level  after  K  administration.  Injections  of  adrenal  cortex 
extract  (Zwemer)  protect  normal  mice  and  guinea  pigs,  to  some  extent,  from  otherwise  fatal 
amounts  of  K  administered  intraperitoneally.  Q>rticoadrenal  extract  also  lowers  the  blood  K 
of  normal  cats. 


ADRENALS 

Chemical  changes  in  the  blood  in  Addison’s  disease.  Allot,  E.  N.,  Lancet  230:  1406.  1936. 

Eight  cases  of  Addison’s  disease  are  presented  with  detailed  chemical  studies.  The  char¬ 
acteristic  blood  changes  in  experimental  suprarrenal  insufficiency  consist  of  a  fall  in  sodium 
and  chlorine  content  of  the  serum,  a  rise  in  the  potassium  and  magnesium,  a  retention  of  nitro¬ 
gen  (high  blood  urea  and  non-protein  nitrogen)  and  increased  concentration  of  the  blood 
(high  oxygen  capacity  and  haematocrit  values  and  high  serum  protein).  Of  the  eight  cases 
described  in  this  paper  all  showed  to  greater  or  less  extent  changes  on  first  observation. 
Two  of  the  patients  went  into  crisis;  in  crisis  there  is  frequently  a  marked  rise  in  non-protein 
nitrogen.  The  chemical  findings  suggest  that  cortical  hormone  will  bring  the  potassium  and 
urea  down  to  normal,  but  has  little  effect  on  the  sodium  and  chlorine.  If  the  potassium  and  urea 
however,  begin  to  rise,  while  the  patient  is  being  treated  with  salt  it  is  advisable  to  add  cor¬ 
tical  hormone.  In  these  cases  there  was  not  always  present  a  correlation  between  the  alteration 
in  the  patient’s  clinical  condition  and  the  level  of  sodium  and  chlorine  in  the  serum. — L.  B.  S. 

Relation  of  the  adrenal  cortex  to  reproduction  and  lactation.  Britton,  S.  W.,  and  R.  F. 

Kline,  Am.  J.  Physiol.  115;  627.  1936. 

Of  64  adrenalectomized  female  rats  mated  with  normal  males  5  became  pregnant,  all 
bearing  normal  litters,  but  in  only  2  was  lactation  normal.  All  4  possessed  accessory  adrenals. 
Thirty-five  of  64  normal  female  rats  mated  with  adrenalectomized  males  became  pregnant 
and  gave  birth  to  normal  litters.  In  a  normal  control  series  44  pregnancies  occurred.  Removal 
of  1  adrenal  in  pregnancy  caused  resorption  of  fetuses  in  3  of  8  experiments.  Complete 
adrenalectomy  brought  about  abortion  or  resorption  of  the  fetuses.  Traumatizing  operations 
of  greater  severity  commonly  do  not  effect  pregnancy  in  the  rat.  Cortical  extract  enabled 
adrenalectomized  rats  (5)  to  bear  litters  and  to  lactate.  Double  or  single  adrenalectomy  ter¬ 
minated  pregnancy  in  the  20  cats. — F.  A.  H. 

HyperdhromafiSnism.  Chamberlain,  D.,  Brit.  M.  J.  1:  1251.  1936. 

The  author  reports  a  case  of  chronic  hypertension  in  which  there  were  periodic  attacks 
of  convulsions  and  coma  associated  with  a  blood  pressure  of  218/140.  The  patient  was 
operated  upon  in  the  belief  that  the  disorder  was  due  to  hyperchromaffinism.  One  adrenal 
was  removed  at  operation,  although  both  glands  appeared  grossly  normal.  The  pathological 
report  did  not  confirm  the  clinical  impression  but  the  patient  improved  to  the  extent  of  having 
only  2  attacks  of  headache  and  vomiting  during  the  fct  4  months  succeeding  operation.  The 
blood  pressure  remained  at  216/144.  The  author  suggests  that  the  syndrome  was  due  to  an 
abnormal  secretion  of  the  adrenal  medulla,  and  that  the  hypertension  persisted  after  operation 
because  of  pathological  changes  in  the  heart  and  blood  vessels. — H.  B.  Friedgood. 
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Lactation  in  adrenalectomized  rats.  Gaunt,  R.,  and  C.  £.  Tobin,  Am.  J.  Physiol.  115: 
588.  1936. 

Adrenalectomized  rats  treated  with  cortical  adrenal  extract  (Swingle  and  PfifiFner  method) 
raised  their  litters  in  4  of  10  cases;  the  growth  of  the  surviving  young  was  sub-normal  when 
the  dose  was  just  adequate  for  the  mother.  Similar  results  were  obtained  with  adrenalectomized 
rats  given  salt  treatment  only.  Salt  treatment  plus  adequate  cortin  resulted  in  lactation  that 
approached  normal.  When  the  amount  of  cortical  extract  was  double  that  adequate  for  the 
mother  lactation  was  normal.  Sub-total  adrenalectomy  did  not  influence  lactation.  Lactation 
was  produced  in  only  half  of  a  series  of  follutein-treated  females,  ovariectomized  5  days  after 
adrenalectomy.  Prolactin  had  no  influence  on  the  deficient  lactation  due  to  adrenalectomy. 
Anterior  pituitary  extract  (growth  hormone)  inhibited  lactation  in  adrenalectomized  rats 
maintained  on  a  sub-minimal  dose  of  cortical  extract.  The  results  are  interpreted  as  offering 
no  support  to  the  hypothesis  that  the  adrenal  cortex  produces  a  lactation  hormone. — F.  A.  H. 

Hirsutism,  hyperteruion  and  obesity  associated  with  carcinoma  of  the  adrenal  cortex. 
Indeterminate  pituitary  adenoma  and  selective  changes  in  the  beta  cells  (basophils) 
of  the  hypophysis.  Graef,  I.,  J.  J.  Bunim  and  A.  Rottino,  Arch.  Int.  Med.  57:  1085. 
1936. 

This  paper  is  a  review  of  literature  on  the  subject  with  details  of  an  illustrative  case. 
The  case  is  reported  of  a  19  year  old  girl  who  presented  hirsutism,  hypertension,  obesity  and 
striae  atrophicae  in  life  and  at  necropsy  was  observed  to  have  a  metastasizing  carcinoma  of  the 
adrenal  cortex  and  an  indeterminate  military  adenoma  of  the  anterior  lobe  of  the  pituitary 
gland.  Selective  degenerative  changes  were  noted  in  the  nuclei  of  the  beta  cells  of  the  pars 
anterior  of  the  hypophysis.  Although  data  are  not  conclusive,  evidence  is  given  which  tends 
to  show  that  the  pituitary  adenoma  is  not  merely  a  coincidental  finding.  Attention  is  drawn 
to  the  co-existence  of  clinical  manifestations  or  pathologic  evidence  of  changes  in  the  pituitary 
gland  in  similar  cases  of  metastasizing  adrenal  neoplasm  recorded  in  the  literature.  Marked 
overexcretion  of  estrogenic  substance  in  the  urine  was  noted  during  life,  and  this  is  discussed 
in  relation  to  the  atresia  and  atrophy  of  the  ovaries  and  endometrium. — I.  B. 

Inversion  of  the  action  of  adrenalin  on  blood  sugar  by  yohimbin  (Inversion  de  los  efectos 
de  la  adrenalina  sobre  la  glicemia  en  el  perro  yohimbinizado).  Gutierrez  Noriega,  C., 
and  V.  Manrique.  Actual.  Med.  Peruana.  1:  519. 1936. 

Dogs  received  2-3  mg.  yohimbin  per  kg.  and  then  adrenalin  0.02  mg.  intravenously;  the 
blood  sugar  was  determined  before  the  injection  of  adrenalin  and  when  the  blood-pressure  was 
at  its  lowest.  The  blood  sugar  usually  rose  20-40  mg.  %  above  the  initial  level.  A  second 
injection  in  most  cases,  but  not  in  all,  produced  hypoglycemia. — ^J.  T.  L. 

Formation  of  an  epinephrin-like  substance  in  autolyzing  adrenal  glands.  Larrain,  A.  R., 
R.  G.  Roberts  and  M.  M.  Kimde,  Am.  J.  Physiol.  115:  662. 1936. 

Autolysis  of  crushed,  whole  adrenal  glands  gave  rise  to  a  powerful  pressor  substance 
obtained  by  dialysis.  This  gave  all  the  ordinary  chemical  tests  for  adrenalin,  but  differed 
in  that  it  was  not  precipitated  by  concentrated  ammonium  hydroxide.  It  did  not  give  a  biuret 
reaction;  was  not  destroyed  by  boiling  for  1  min.;  was  adsorbed  by  animal  charcoal  and 
aluminum  hydroxide  and  did  not  lose  its  physiological  effect  if  exposed  to  air  at  room  tem¬ 
perature  for  30  days.  Glacial  acetic  add  did  not  destroy  it.  Inhibiting  autolysis  of  the  crushed 
adrenal  glands  by  the  addition  of  potassium  cyanide  prevented  its  formation.  The  formed 
pressor  substance  could  be  removed  from  the  crushed  glands  by  repeated  washing.  Further 
autolysis,  however,  resulted  in  the  formation  of  more  pressor  substance,  which  continued  to 
form  until  practically  complete  disintegration  of  the  gland  substance  had  occurred. — F.  A.  H. 

Observations  on  the  pathological  changes  in  suprarenalectomized  dogs,  with  particular 
reference  to  the  anterior  lobe  of  the  hypophysis.  Nicholson,  W.  M.,  Bull.  Johns  Hop¬ 
kins  Hosp.  58;  405.  1936. 

Autopsy  of  25  adrenalectomized  dogs  revealed  no  characteristic  pathological  changes.  No 
histological  changes  were  observed  in  the  anterior  lobe  of  the  hypophysis.  In  3  cases  of  Addi¬ 
son’s  disease  due  to  cortical  atrophy  a  reduction  in  the  basophil  cells  of  the  hypophysis  was 
evident.  No  changes  occurred  in  4  cases  due  to  tuberculosis. — ^A.  G. 

On  the  constituents  of  the  adrenal  cortex  (Ober  die  Bestandteile  der  Nebeimierenrinde, 
n,  in,  8c  IV).  Reichstein,  T.,  Helv.  Chim.  Acta  19:  223;  401;  402.  1936. 

One  of  the  crystalline  substances  isolated  by  the  author  from  potent  adrenal-cortex  extracts 
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(substance  G,  an  unsaturated  diketone  probably  CuHmOi)  is  about  one-fifth  as  active  as  andros- 
terone  in  causing  growth  of  the  comb  of  the  capon,  and  is  therefore  named  andrenosterone. 
The  assay  was  performed  by  Dessau’s  method  of  painting  an  oil  solution  of  the  substance 
directly  on  the  comb.  The  discovery  of  a  substance  with  male-hormone  properties  in  cortical 
extracts  is  important  in  connection  with  the  relation  between  cortical  tumors  and  virilism.  'The 
substance  is  not  estrogenic,  and  is  not  identical  with  any  known  male  hormone.  Three  of  the 
other  substances  isolated  (A,  B,  and  C)  all  yield  the  same  diketone  (CuHmOi,  m.  p.  178°) 
when  oxidized  with  chromic  acid;  this  diketone  has  one-third  of  the  potency  of  androsterone. 
Alkaline  saponification  of  the  petrol-ether-soluble  fraction  of  the  extracts  yielded  a  sub¬ 
stance  QHuOtS,  which  has  been  identified  with  synethetic  di-hydroxyethyl-sulfoxide 
(HCXTft-CH«)>SO.  No  compounds  of  this  type  have  hitherto  been  obtained  from  animal 
tissues.  It  is  not  stated  whether  any  of  the  substances  described  affect  the  survival  of  adrenalec- 
tomized  animals. — D.  L.  T. 

The  alarm  reaction.  Selye,  H.,  Canad.  M.  A.  J.  34:  706.  1936. 

Serious  non-specific  injury  produced  in  rats  by  exposure  to  cold,  surgical  shock,  or 
sublethal  doses  of  various  drugs,  evokes  a  typical  syndrome,  the  first  stage  of  which  (’alarm 
reaction’)  includes  edema  formation,  appearance  of  acute  ulcers  in  the  digestive  tract,  fall  of 
body  temperature,  and  rapid  involution  of  the  thymus  and  lymph  glands.  These  changes  are 
ascribed  to  liberation  of  histamine  or  some  similar  substance  into  the  circulation.  Adrenalectomy 
sensitizes  the  animals  to  all  stimuli  causing  an  alarm  reaction,  but  completely  prevents  the 
involution  of  the  thymus. — D.  L.  T. 

Carbohydrate  and  electrolyte  changes  in  the  opossum  and  marmot  following  adrenalectomy. 

Silvette,  H.,  and  S.  W.  Britton,  Am.  J.  Physiol.  115:  618, 1936. 

Following  double  adrenalectomy,  serum  sodium  and  chloride  increased  8%  and  10%, 
respectively,  in  the  opossum  (11  cases)  and  about  4%  each  in  the  marmot  (7  cases).  Muscle 
sodium  and  chloride  were  increased  while  muscle  water  was  decreased  in  the  opossum.  Double 
adrenalectomy  reduced  the  excretion  of  sodium  and  chloride  by  the  kidney  in  the  opossum 
(3  cases).  Muscle  water  was  slightly  decreased  in  the  marmot.  These  findings  are  the  reverse 
of  those  obtained  from  common  laboratory  animals.  However  the  blood  glucose  and  liver 
glycogen  are  considerably  decreased  and  the  muscle  glycogen  of  the  opossums  and  marmot 
are  notably  decreased  as  in  other  animals  after  adrenalectomy.  It  is  suggested  that  the  vital 
hormone  of  the  adrenal  cortex  affects  sodium  chloride  balance  only  indirectly  while  the 
regulation  of  carbohydrate  metabolism  is  a  direct  effect. — F.  A.  H. 

The  effect  of  accelerator  nerve  stimulation  and  of  adrenalin  on  recovery  from  ventricular 

fibrillation  in  the  cat.  Smith,  D.  C.,  and  A.  G.  Mulder,  Am.  J.  Physiol.  115:  307.  1936. 

In  most  cases  of  12  cats  under  dial  anaesthesia  spontaneous  recovery  from  ventricular 
fibrillation  following  faradization  of  the  ventricles  occurred.  ’The  duration  of  fibrillation  varied 
directly  with  the  weight  of  the  cat  (size  of  the  heart).  Stimulation  of  the  accelerator  nerves 
during  ventricular  fibrillation  shortened  the  duration  of  the  fibrillation.  While  the  heart  was 
under  the  influence  of  adrenalin  (0.1-0.3  cc.  of  1:1000)  recovery  from  fibrillation  of  the 
ventricles  was  practically  instantaneous. — A.  J.  Derbyshire. 

Vitamin  C  and  the  adrenal  cortical  hormone.  Svirbely,  J.  L.,  and  E.  C.  Kendall,  Am.  J. 

Physiol.  116:  187.  1936. 

Two  adrenalectomized  dogs  maintained  on  a  diet  free  of  vitamin  C  failed  to  develop 
scurvy.  There  was  ordinarily  no  change  in  nitrogen  metabolism  when  cortin  was  deficient. 
Using  3  guinea  pigs  on  each  point  the  authors  found  no  appreciable  effect  of  cortin  in  delaying 
the  onset  of  scurvy. — F.  A.  H. 

So-called  atrophy  of  the  adrenal  cortex  with  intranuclear  inclusions.  Weiner,  H.  A., 

Am.  J.  Path.  12:  411. 1936. 

A  case  of  ’atrophy’  of  the  adrenal  glands  in  a  33  year  old  Jewish  woman  is  described. 
'The  apparently  sudden  onset  after  a  slight  trauma  and  the  rapid  clinical  course  are  noteworthy. 
Intranuclear  inclusion  bodies  were  found  in  the  cortical  cells  of  the  adrenal  glands  which 
were  much  reduced  in  size  and  lacked  the  normal  histological  structure.  The  thyroid  gland 
was  made  up  of  small  follicles  with  abnormally-staining  colloid.  It  showed  no  signs  of  hyper¬ 
plasia  but  there  was  considerable  leucocytic  infiltration.  Serial  sections  of  the  hypophysis  failed 
to  reveal  any  abnormality. — W.  J.  A. 
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The  distribution  of  adrenergic  vasodilators  in  the  rat.  Wyman,  L.  C.,  and  Caroline  Turn 
Suden,  Am.  J.  Physiol.  116:  182. 1936. 

The  differential  effects  of  adrenalin  chloride  on  the  blood  pressure  were  studied  in  rats 
under  urethane  anesthesia.  Reduction  in  the  splanchnic  circulation  reduced  the  pressor  response 
to  0.1  cc.  of  10"*  adrenalin  about  one-half;  to  0.1  cc.  of  10'*  adrenalin,  only  slightly  or  not  at 
all.  Reduction  in  the  peripheral  circulation  increased  the  pressor  responses  to  small  amounts 
of  adrenalin.  Depressor  responses  to  small  doses  of  adrenalin  in  rats  with  the  suprarenal 
medulla  eliminated  were  somewhat  decreased  after  splanchnic  reduction  and  much  decreased 
after  peripheral  reduction.  Depressor  responses  to  adrenalin  revealed  in  normal  rats  after 
treatment  with  ergotamine  were  unaltered  by  either  type  of  circulatory  reduction.  It  is  con¬ 
cluded  that  in  the  rat,  as  in  the  cat,  adrenergic  vasoconstrictors  are  more  abimdantly  distributed 
to  the  splanchnic  area  as  compared  with  the  peripheral  area  but  that  the  rat,  unlike  the  cat, 
has  a  significant  distribution  of  adrenergic  vasodilators  to  both  regions.  The  biological  sig¬ 
nificance  of  this  apparent  interspecific  difference  is  discussed. — F.  A.  H. 

Effects  of  prepuberal  gonadectomy  on  the  adrenal  gland  of  the  guinea  pig.  Zalesky,  M., 
Anat.  Rec.  65:  467.  1936. 

Two  varieties  of  liposomes  are  distinguished  in  the  fasciculate  zone  of  the  guinea  pig 
adrenal:  The  microliposome,  0.4  to  2.5  in  diameter,  and  the  macroliposome,  3.5  to  20  fi 
in  diameter.  The  number  of  macroliposomes  is  conspicuously  greater  in  the  adrenal  of  the 
adult  female  as  compared  with  that  of  the  adult  male.  Sex  differences  in  the  distribution  of 
the  macroliposomes,  as  well  as  in  the  relative  width  of  the  cortical  zones,  are  likewise  de¬ 
scribed.  These  sex  differences  develop  and  persist  also  in  prepuberally  gonadectomized  guinea 
pigs.  Prepuberal  gonadectomy  induces  no  significant  permanent  hypertrophy  or  atrophy  in  the 
guinea  pig  adrenal.  It  does,  however,  cause  a  lipoid  increase  in  the  adrenal  cortex.  The  lipin 
bodies  most  frequently  and  most  conspicuously  involved  are  the  macroliposomes.  These  effects 
are  particularly  pronounced  in  the  female,  and  extreme  cases  of  macroliposomal  increase, 
accompanied  by  intensive  cell  destruction  in  the  fasciculata  and  extensive  focal  necroses  in  the 
reticularis,  are  encountered  among  adrenals  of  spayed  females. — Author’s  Abst.,  Wistar  Bib. 
Service. 
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la  a  portion  of  the  pancreatic  secretory  response  to  a  meal  due  to  the  absorption  of 
digested  food  products?  Gray,  J.,  M.  S.  Kim  and  A.  C.  Ivy,  Am.  J.  Physiol.  116:  210. 
1936. 

The  effect  on  the  secretion  of  pancreatic  juice  of  the  intravenous  injections  of  liver 
extract,  Witte’s  peptone,  dextrose  and  emulsified  fats  was  investigated.  None  of  these  sub¬ 
stances  in  concentrations  comparable  to  that  absorbed  from  the  intestine  produced  an  ap¬ 
preciable  effect.  It  is  concluded  that  secretin  is  probably  the  only  humoral  agent  concerned 
in  the  secretory  response  of  the  pancreas  to  a  meal. — F.  A.  Hitchcock. 

Lesions  in  the  pancreas  and  in  the  anterior  hypophysis  with  fatal  acidosis  following  pro¬ 
longed  intravenous  administration  of  glucose  (in  dogs).  Jacobs,  H.  R.,  and  A.  R. 
Colwell,  Am.  J.  Physiol.  116:  194. 1936. 

’The  continuous  intravenous  injection  of  22  normal  female  dogs  with  glucose  at  rates 
varying  from  0.7  to  4.5  gm.  per  kg.  per  hour  resulted  in  a  mild  congestion  of  all  viscera  with 
severe  hemorrhage  and  degenerative  changes  in  the  pancreas  and  anterior  hypophysis.  Hepatic 
glycogen  increased  and  alkali  reserve  decreased.  All  dogs  died  of  acidosis  in  from  20  to  168 
hours.  'The  accumulation  of  an  acid  intermediate  product  of  glucose  metabolism  is  postulated. 
— F.  A.  Hitchcock. 

Experiments  to  isolate  the  antianemic  principle  of  the  liver.  Laland,  P.,  and  A.  Klem, 
Acta  med.  Scandinav.  88:  620,  1936. 

Fresh  hashed  liver  was  extracted  with  50%  acetone  and  the  resulting  solution  concen¬ 
trated.  The  protid  was  removed  by  sulphosalicylic  acid  and  the  active  protid-free  filtrate  extracted 
with  phenol.  The  phenol  solution  quantitatively  removes  the  antianemic  principle,  which  can 
be  recovered  by  adding  ether  and  water.  'The  water  layer  was  treated  with  active  charcoal  and 
the  adsorbed  principle  removed  from  the  charcoal  by  phenol.  The  material  was  soluble  in 
ethyl  and  methyl  alcohol  and  glacial  acetic  acid  and  could  be  precipitated  by  ether  or  saturation 
with  anunonium  sulphate.  By  a  combination  of  these  methods  a  fraction  was  obtained  of 
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which  0.7  mg.  gave  a  good  anti-anemic  effect.  An  elementary  analysis  of  the  material  gave 
13.33%  N.,  53.64%  C,  6.85%  H.  and  0.74%  S.  The  active  fraction  was  completely  free  from 
the  strongly  yellow-green  fluorizing  liver  flavine. — ^J.  M.  L. 

Changes  observed  in  the  parathyroids,  thyroid  and  adrenals  following  experimental  de¬ 
viation  of  the  bile  flow  (Des  modifications  de  quelques  glandes  a  secretion  interne; 
parathyroides,  thyroids,  surrenales,  consecutivement  a  la  derivation  biliaire  experi- 
mentale).  Leriche,  R.  and  A.  Jung,  Presse  m6d.  43:  1793.  1935. 

A  deviation  of  the  bile  from  the  bile-duct  into  the  urethra  was  effected  in  17  dogs.  As  a 
consequence,  the  thyroids  of  the  animals  showed  enlargement  of  both  lobes  and  an  increase 
of  the  vesicles,  which  were  filled  with  colloid — a  sign  of  hypofunction.  The  parathyroids 
revealed  on  examination  signs  of  hyperfunction — hyperplasia,  dilated  capillaries,  absence  of 
lipoid  and  edema  between  the  cell  bundles.  The  volume  of  the  adrenals  was  moderately  in¬ 
creased;  the  cortex  showed  abundance  of  spongiocytes,  the  medulla  was  congested.  Reimplata- 
tion  of  the  bile  duct  into  the  intestine  caused  the  thyroid  to  return  to  normal,  but  parathyroids 
and  adrenals  remained  in  the  state  of  hyperfunction.  Two  clinical  cases  of  biliary  fistula  are 
reported  showing  changes  in  the  glands  similar  to  those  observed  experimentally. — A.  E.  Meyer. 

Progress  in  endocrinology.  Anon.  Prescriber  30:  141.  1936. 

The  May  issue  is  devoted  to  a  readable  and  informative  review  of  recent  work  on  the 
various  endocrine  glands. — R.  G.  H. 
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Some  notes  on  the  isolation  of  oestrone  and  equilin  from  the  urine  of  pregnant  mares. 
Beall,  D.,  and  M.  Edson,  Biochem.  J.  30:  577. 1936. 

From  the  weakly-acidic  phenol  fraction  of  a  toluene  extract  of  acid-hydrolysed  urine, 
oestrone  and  equilin  were  found  to  be  precipitated  as  mercury-ketone  complexes:  the  equilin- 
mercury  complex  is  soluble  in  alcohol. — ^D.  L.  T. 

Occurrence  of  glycogen  in  endometrial  hyperplasia  and  its  significance  (Das  Vorkommen 
von  Glykogen  bei  der  glandular-cystischen  Hyperplasie  der  Uterusschleimhaut  und 
seine  B^eutung).  Breifohl,  W.,  Zentralb.  f.  Gynak.  60:  1481.  1936. 

A  study  of  80  cases  showed  glycogen  absent  in  65%,  small  areas  of  glycogen  in  26%,  and 
extensive  glycogen  in  9%.  It  appeared  that  luteinization  had'  occurred  in  the  latter  group. 
Theoretical  considerations  suggest  that  generalized  glycogen  formation  in  the  endometrium 
depends  on  action  of  the  progestin. — E.  L.  S. 

On  Ai  -androstenedione  (Ober  A,  •androstendion-3,  17).  Butenandt,  A.,  and  H.  Dannen- 
baum,  Ber.  d.  chem.  Gesellsch.  69:  1158.  1936. 

On  6-keto-testosterone  and  related  compounds  (Ober  6-Oxotestoateron  und  verwandte 
Verbindungen).  Butenandt,  A.,  and  B.  Riegel,  Ber.  d.  chem.  Gesellsch.  69:  1163.  1936. 
Three  new  synthetic  members  of  the  male  hormone  series  are  described.  The  first  is 
isomeric  with  the  known  androstene-dione  but  has  the  double  bond  at  Ci  instead  of  C,;  the 
others  differ  from  androstene-dione  and  testosterone,  respectively,  only  in  having  an  extra 
ketone  group  introduced  at  Q.  These  3  compounds  seem  to  have  lost  male-hormone  properties, 
not  affecting  the  capon  comb  at  doses  up  to  4  mg.,  but  all  3  of  them  have  acquired  estrogenic 
properties;  4  doses  of  500  gamma,  subcutaneously  in  oil,  produced  full  estrus  in  adult  castrate 
female  mice. — ^D.  L.  T. 

A  case  of  extreme  sex-modification  in  an  adult  bovine  free-martin.  Buyse,  A.,  Anat.  Rec. 
66:  43. 1936. 

In  the  reproductive  tract  of  an  adult  free-martin  twin  with  2  normal  males,  a  highly 
contorted  penis-like  structure  26  cm.  in  length,  penetrates  the  wall  of  the  vestibul  and  terminates 
in  a  glans  penis.  No  scrotum  is  present,  nor  is  there  any  trace  of  either  uterus  or  vagina.  As 
in  males,  the  urethra  and  paired  vasa  deferentia  open  directly  into  the  urino-genital  sinus. 
Lobulated  seminal  vesicles  empty  into  these  ducts  proximally.  A  urethral  muscle  surrounds  the 
urinogemtal  sinus  at  its  junction  with  the  urethra  as  in  the  male,  but  no  prostate  gland  is  found. 
Both  gonads  arc  of  the  free-martin  type  situated  subcutaneously  in  the  groin.  Seminiferous 
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tubules,  medullary  cords,  epididymis  and  a  rete  penetrating  the  gonad  for  two-thirds  of  its 
length  are  striking  features.  Primordial  germ  cells  are  absent.  To  account  for  such  modification 
the  following  possible  explanations  are  offered.  1)  Secretion  of  a  high  concentration  of  male 
hormone  by  the  2  male  co-twins.  2)  Retardation  of  the  female  embryo  due  to  late  fertilization 
or  delayed  ovulation  and  its  response  to  the  influence  of  the  male  hormone  while  the  external 
genitalia  are  still  morphologically  indifferent. — Author’s  Abst.,  Wistar  Bib.  Service. 

Stimulation  of  the  male  gonads  by  female  sex  hormone  (Die  Stimulierung  der  mannlichen 
Geschlechtsdriise  durch  weibliches  Sexualhormon).  Clauberg,  C.,  Zentralbl.  f.  Gyn^. 
60:  1457.  1936. 

Estrogenic  hormones  have  been  reported  to  stimulate  and  to  inhibit  the  gonadotropic 
activity  of  the  anterior  lobe.  Single  large  doses  have  been  shown  to  lead  to  increased  gonado¬ 
tropic  effects,  sometimes  followed  by  a  temporary  decrease  and  then  resumption  of  previous 
activity  level.  In  this  paper  results  are  illustrated  from  rat  experiments  in  which  such  doses 
as  5000  mouse  units  of  commercial  follicle  hormone  were  injected  into  males.  There  appeared 
to  be  testicular  hyperemia,  enlargement,  and  microscopic  evidence  of  increased  cellular  activity. 
The  subjects  were  more  belligerent  toward  other  males  and  were  sexually  active,  with  preg¬ 
nancy  following  mating.  After  treatment  followed  a  period  of  sexual  inactivity  and  then 
resumption  of  activity.  Although  gonad  hormones  are  not  homo-stimulative,  they  do  cause 
vascular  reactions  leading  to  hyperemia,  regardless  of  the  sex  of  animal  or  of  hormone,  and 
that  this  hyperemia  may  temporarily  modify  gonad  activity. — E.  L.  S. 

Oestrin  treatment  of  cystic  disease  of  the  breast.  Dahl-Iverson,  E.,  Lancet  230:  1294,  1936. 

Twenty-two  cases  of  cystic  mastopathia  were  treated  with  estrin  and  considerable  recovery 
was  obtained  in  18.  In  2  patients,  both  between  20-30  years  of  age,  the  local  and  general  condi¬ 
tion  was  aggravated,  and  in  2  cases  there  was  no  effect.  The  author  in  view  of  his  experience 
with  this  condition  advises  a  daily  dose  of  2000-4000  mouse  units  by  mouth  or  10,000-20,000 
mouse  imits  once  a  week  given  intragluteally.  'The  course  of  treatment  should  last  3-6  months. 
Surgery  should  be  regarded  as  inadvisable  unless  estrin  proves  of  no  avail. — L.  B.  S. 

The  experimental  induction  of  oestrus  (sexual  receptivity)  in  the  normal  and  ovariec- 
tomized  guinea  pig.  Dempsey,  E.  M.,  R.  Hertz  and  W.  C.  Young,  Am.  J.  Physiol.  116: 
201.  1936. 

Sexual  receptivity  followed  in  14%  of  21  normal  females  injected  with  1000  I.U.  theelin 
and  in  31%  of  30  spayed  females  given  distributed  injections.  The  latent  period  averaged  35.3 
hours.  The  intravenous  administration  of  0.2  gm.  equivalents  of  sheep  luteinizing  hormone 
induced  heat  and  ovulation  in  19%  of  24  cases  in  normal  animals  on  the  12th  to  the  15th  day  of 
dioestrum,  after  a  latent  period  averaging  5.8  hours.  Such  treatment  was  ineffective  earlier  in 
the  cycle.  Similar  injections  of  luteinizing  hormone  into  spayed  females  were  ineffective.  In 
the  spayed  female  the  combination  of  estrin  and  luteinizing  hormone  did  not  augment  the 
efficacy  of  estrin  alone;  40  I.U.  or  more  of  estrin,  followed  in  36  to  48  hours  by  0.2  I.U. 
progesterone,  induced  heat  in  24  spayed  females,  the  latent  period  averaging  4.8  hours.  Of 
9  normal  animals  injected  with  progesterone  alone  on  the  14th  or  15th  day,  7  came  into  heat 
within  5  to  10  hours  but  did  not  ovulate.  It  is  believed  that  progesterone  is  directly  involved 
in  the  production  of  sexual  receptivity  in  the  guinea  pig.  'The  rise  in  estrin  level  toward  the 
end  of  the  cycle  conditions  the  animal  for  estrus,  the  appearance  of  which,  however,  depends 
upon  the  subsequent  action  of  progesterone  which  is  produced  by  the  still  unruptured  or 
preovulatory  follicle  after  it  has  been  acted  upon  by  the  luteinizing  hormone  of  the  hyophysis. 
— H.  O.  Haterius. 

New,  substances  affecting  the  seminal  vesicles  of  the  castrate  mouse  (Neue  Stoffe  mit  starker 
Kirkung  auf  die  Vesikulardrusen  der  kastrierten  mannlichen  Maus).  Dirscherl,  W., 
J.  Kraus  and  H.  E.  Voss,  Ztschr.  f.  physiol.  Chem.  241:  1. 1936. 

Catalytic  hydrogenation  of  crystalline  or  crude  estrin  from  mare’s  urine  leads  to  the 
formation  of  substances  which  have  been  partly  purified  and  which  possess  up  to  one-fifth 
of  the  activity  of  testosterone  in  promoting  growth  of  the  seminal  vesicles  of  the  castrated 
male  mouse,  but  which  have  no  action  upon  the  comb  of  the  capon  even  when  directly 
applied  thereto,  and  are  thus  different  from  all  androgens  hitherto  known.  Less  potent  prepara¬ 
tions  of  similar  substances  have  been  obtained  without  hydrogenation  from  wool-fat  and 
Peruvian  bark. — D.  L.  T. 
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Synthetic  oestrogenic  agents  without  the  phenanthrene  nucleus.  Dodds,  E.  C,  and  W. 
Lawson,  Nature  137;  996.  1936. 

Hitherto  all  natural  or  synthetic  estrogenic  agents  have  contained  the  phenanthrene  ring- 
system,  more  or  less  hydrogenated  and  substituted.  A  series  of  new  substances  possessing 
similar  biological  properties  but  without  this  ring-system  are  listed.  The  simplest  members  are 
4: 4' -dihydroxy-diphenyl  and  4:4'-dihydroxy-benzophenone,  which  produce  estrus  in  ovariec- 
tomized  rats  when  100  mg.,  divided  into  6  doses,  is  injected  in  oil  solution.  The  most  potent 
of  the  new  substances  is  l:2-dihydroxy-l:2-di-ali^a-naphthyl-acenaphthene,  of  which  10  mg.  is 
an  adequate  total  dose,  while  100  mg.  maintained  the  rats  in  continuous  estrus  for  40  days. 
In  the  simpler  compounds,  the  para-position  of  the  hydroxyl  groups  is  of  importance  for  Ae 
effect. — D.  L.  T. 

The  corpus  lutem  hormone  content  of  human  placenta.  (Untersuchungen  iiber  den  Gehalt 
der  mensdilidien  Placenta  an  Corpus-luteum-Hormon.)  Ehrhardt,  C.  and  H.  Fischer- 
Wasels.  Zentralbl.  f.  Gynak.  60;  787. 1936. 

The  progestin  content  of  placental  tissue  is  low  in  the  first  3  months,  rises  to  its  maximum 
in  the  6th  or  8th  months,  and  falls  near  term.  In  a  few  cases  of  children  carried  past  term 
the  placenta  seemed  to  have  unusually  high  progestin  content.  These  results  are  held  consistent 
with  the  Knaus  theory  of  the  mechanism  initiating  parturition.  Two  cases  of  habitual  abortion 
and  one  of  amenorrhea  were  treated  with  extracts  of  placenta,  extracted  to  remove  estrin. 
Results  are  considered  satisfactory,  but  there  is  no  evidence  of  progestin  being  contributed 
directly  by  the  preparations  used. — E.  L.  S. 

Effect  of  oestrogenic  hormones  on  lactation  in  the  cow.  Folley,  S.  J.,  Nature  137;  741. 
1936. 

The  injection  of  500  mg.  oestrone  and  50  mg.  oestradiol-benzoate  in  3  days  in  a  lactating 
cow  deaeased  the  milk  yield  by  20%,  but  increased  the  concentration  of  phosphatase  and  of 
non-fatty  solids  in  the  milk;  these  effects  were  still  evident  two  weeks  after  the  injections. — 
D.  LT. 

The  bitterling  test  for  pregnancy.  Gottlieb,  R.,  Canad.  M.  A.  J.,  34;  431.  1936. 

The  bitterling-ovipositor  test  for  pregnancy,  according  to  Kantor,  Bauer  and  Klowans, 
was  studied;  36  specimens  of  pregnancy  urine  all  gave  positive  tests,  but  about  20%  of  non¬ 
pregnant,  immature,  or  male  urines  tested  also  gave  positive  results. — D.  L.  T. 

Observations  of  treatment  of  pruritus  (Beitrage  zur  Pruritusbehandlung).  Kaufmann,  C., 
2^tralb.  f.  Gynak.  60:  850.  1936. 

Seven  patients  with  severe  pruritus  about  the  genitalia  were  treated  with  large  doses  of 
estrogenic  hormone,  usually  "Oestradiolbenzoat”  or  "Progynon-B.”  Relief  was  very  gratifying, 
both  in  cases  with  visible  changes  in  the  skin  and  with  kraurosis,  and  in  those  with  no  changes 
seen.  Cases  were  in  spontaneous  climacteric,  artificial  menopause,  or  with  genital  hypoplasia. 
One  patient  had  a  severe  pruritus  generally,  and  with  edema  and  skin  changes  about  the  eye 
lids.  No  mention  is  made  of  the  permanence  of  results,  or  of  maintenance  doses. — E.  L.  S. 

Therapeutic  uses  of  ovarian  hormones  (Aplicaciones  terapeuticas  de  las  hormonas 
ovaricas).  Kaufmann,  C.,  Semana  m6d.  42:  171. 1936. 

The  action  of  follicular  and  corpus  luteum  hormones  is  discussed.  The  author  calculates 
the  range  of  dosage  on  the  basis  of  determinations  made  on  castrate  women.  About  250,000 
units  of  follicle  hormone  are  necessary  to  produce  a  proliferation  of  the  endometrium  equal  to 
the  physiological  conditions,  and  35-50  Clauberg  units  of  corpus  luteum  hormone  to  produce 
secretion.  Oral  medication  requires  about  10  times  the  parenteral  doses.  The  follicle  hormone 
is  generally  not  effective  in  primary  amenorrhea.  Hormonic  treatment  is  indicated  in  secondary 
amenorrhea  only  if  the  general  examination  is  negative.  Only  cases  of  at  least  6  months  dura¬ 
tion  should  be  treated  since  spontaneous  recurrence  of  menstruation  is  quite  common.  The 
treatment  with  doses  of  50,000  units  must  be  carried  on  for  3  to  6  or  more  months.  A  return 
of  a  spontaneous  cycle  was  obtained  in  25%  of  the  cases  treated.  The  symptoms  of  surgical 
menopause  are  favorably  influenced  by  doses  of  50,000-100,000  imits.  Ulcerations  of  vagina 
and  vulva  concomitant  to  amenorrhea  yielded  satisfactorily  to  doses  of  600,000  or  800,000 
units.  Severe  uterine  hemorrhages  subsided  after  treatment  with  corpus  luteum  hormone. — 
A.  E.  Meyer. 
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